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SUM! ART 
Transport PTOMBMI ooonrlng aorooo a r t l f l o l a l aaa» 
braaoa ooparatln* olootrolrto oolatloao aava booa oao of 
tho aoat otadlod olootroohoaloal and bloolootrloal phono* 
aoaa* With tho lBoroaoln*ly dlvorao trpoo of loa oxohanfa 
aoabranoa arallablo through rooont progrooo la ohoalotfff 
for oxonplo sol id and l iquid , organic end lnorganloff porous 
and noaporouo, tho of foot of aoaaraao otruoturo oa • w t e i a t 
proportloo aro boooaln* tot tor undorotood. In on attoapt 
to flad tho thoorotioal explanation for too noohanloao of 
tranoport throng Ion oxomaa** Inorganic proolpltato BOB* 
branoo, l a thlo thoolov o oorloo of aecauroaonto of 
aoabraao potential , bl lonlo potential , aoabraae resistance, 
eralnatlon of diffusion rate and ef fect ive fixed oharfO 
density of the aeabraaes aro described. The dleoaeoloa 
hao boon restricted to eoa»etttln«- oa only a row potato eea-
ooralac poraoabllltr phenomena naaolri (a) loa lo tranaport, 
(b) loa lo dlotrlbatloa equi l ibria , ( • ) membrane potemtlal, 
(a) o lootrloal conductance as* (•) epat la l alotrloatlam of 
_}^0"aw"F ic^**P* a^ama; ojr^W^^aawomflamm •* •» aPamanmmt ^ •Paamf. omfp^MpflnTHe^NVa'm*. . H N I - JiPsenPen*#jBHI* *p-
boom Tlovod la tho U*ht of too roooatljr dorolaaoa thaorleo 
JeomlVomMMMejOMam^ VpaVaPtP oriiowToWR "Jraat vammP/ vawvdifla^Pfo^yoSflBKaVVaw •KB OBnpeF^P»^P*™BTem^PaBaa* 
pveeeeaoa. fho thoole he* boom art t f lo ia l ly ooporatod lata 
three porta. 
i l 
l a part a*a»(tha araaaratiaa af f g f r t m t amjportot 
aortas phaaahato» orooaato, aalrfciato, oaraoaato aa* sa&* 
ahMa M i l r t M t aro i M v l b t i i fho ttffaaloa rata a * 
•arloma t i f
 9 t%\ aa* 3t1 oloatralytoa • • * » • • a o r t a arao" 
aata and a o r t a ahasahata • w h M i i ( tahaa a* t f f t a a i 
arataaa* M M aaamttaa' fraa tha aaaariMBial ly 4ataralssd 
^^aT ^ ^ ^t^WB^^^ V/ W W ^ ^ ^ ^ ^ ^ B * ^ * W^F^W < » ^ "WWP» fVOOJ^P ^P1 aajaV^PW O S a i ^ V * * > B ' P ^ a ' 0 * * ^ a / ^W^P W ^ P ^ W B ^ P O W ^ ^ ^ * 
H r a t t i n , aaaolj aaahraao pataat la l , 1 ^ — hraao roaia-
taaaa, B^, aat a a t t a i a potential* 1 # * ota« aai hjr ttttllaiag 
tha I&ttolhoraar** ooaat ta iortvod fraa tha alaolo lava 
of alaetraXjraia»j ffeo Talaoo of aosaraao potoatlala i a tha 
aaoa of f i t olaatralytas v i t a a o r t a araaaato aoshrano 
vara aasltlva vharaao wit* aortas phaaphata aaaaraaa thaaa 
vara aaf* t iva 9 iaalaatlaaj tharoby that aoriaa araaaata 
aoaaraao vao aocatlvaljr aharaa* (aatioa aoloativa) val la 
tho Xattar vaa pooltlraly oaaraaft (a&ioa aalaatlva)* n t h 
t i l aas 3i1 •Xootralytoo hath tha aaaoraaaa cava aofatlvo 
pataat la l ( l *a«t hi a im paaltlvoljr aharaa4)« fa ia tjrpa 
a f aharga ravaraal i a aot poamllar to thoao ayatasa* f a * 
t i a a a f iaaa l a a i i a * * • • atato vhoro a oat paaitlvo mt 
aajatlvaaharaa i a l a f t aa tha aiahraai aarfaaa aakUc thaa 
al thar aatiaa aolootlvo or aataa aaloatlva* A a ttftvaiaai * 
fa lUvQi * ? > • * • > * » * aaa • * * * > i t * > t * i * > * * ? % t » 
tha haaio af Haaaaaa Bbortj thaary of aiaafaai aolaat iv i t r * 
ill 
thio diffusion rate ooouonot point towards tho voak field 
otroagth of tho flmod share* group* attaohod to tho aoa» 
trans sholotoa. This vas 1A f a l l ogrooaont with our find-
ings of tho ohsr«s dsnsity dstsvulnstlons. 
Yarlouo thsattodynomlo paroustoro, nsasly, ••orgy • * 
aotiratioa imt snthalpy of aotiTutionAH*, froa onorcy of 
aotlTotiomAr, and sntropy of notiwmtioaAo* ho** oloo 
boon dorlrod tolas; tho thoory of asooluto roootlon ratoo. 
Tho vulaoo of Aflr novo found to ho nocatiY* for tho noabronss 
and difforoat olootrolytoo indloatin*; thorohy that tho 
diffusion takoo plaos with partial laaoblUsatlon la tho 
asa brans naaoo* tho rolatlwo partial lanoblUty woo fouad 
to iuorsoso with tho iaoroaoo la tho ralanos of tho loa of 
tho batata* olootrolyto solutlono. A formal relationship 
vao found to oxlst botvooa At*1, AH1* and As'' for tho diffu-
sion of iono aorooo tho aoahroao and tho eorrospondiag 
raluss of froo oaorgy of hydration A F j . , snthalpy of hyd-
ration A HV. and sntropy of hydration A 8 ^ . of iono. 
^a^^s ^y^sww p^ ^P ^ m^F a) i ^POS^^P ^a v oM^a^a^^PUr ^•ap'oa ^^ «a ^ava^p^sFaoav^^^yssPa^^^aap*^aBasjsaiai 
offootivo fiaod ohavat donolty of parohaoat ompportod 
ay u t iUatM tao vldoly aosoptod oad foaovaUy mood 
* r 
of T—y 11' WoyoiHtiororo ( 9 B ) , sod tao M i l roooBtljr dooo-
lopod BOtaodo of Sobatako ot al« aad Ia«ooa»B ot al« baood 
OB tho thoraodjBaBloo of trrovoroiblo Brooooooa. Tho ahargo 
doaolty •BIBOB «oro foBBd to bo of tho ordor of to oomi* 
Taloato/litro of tho lablbod MlrtlMb) 9 M TBIBOO dorlvod 
froa dlffarost taoorloa voro oaaparablo. St woo ooBoladod, 
taoroforo, that tao BOtaodo do^olopod r»ooatly oaa bo « t i -
llsod for tho oralaatioa of offootlto flBod ofcorgo donolty 
of tho Boabraito-olootrolyto ayotOBQ BBdor iBtootifatftom 
aad othor oaoh oyatoBo* A sambor of othor Boofal para* 
aotoro Inoladlag traBOforoBOO Buabor of ion*, porae«l»otl~ 
Tity of tho BOBbranoo haro also boon dotoralaod* 
la port throot * oorloo of bilOBio potoBtlal sooouro-
aoato oorooo parohBO&t aapportod OOTIBB phoophatof orooBBto 
oAd aolybdato BOBbroBoo uoiBc olBplo l i t olootrolytoo oro 
dooorlbod. tho thoorotlool bilonio potoatlal ftt dlfforoBt 
OOBOOBtrotlOBO BSTO OOOB OBlOBlotOd f o r t h o BOBbroAOO OBd 
TBTiOBO OlOOtTOlytO polrO fo l lOWis* thO BBthOBBtioal ly 
rl#MPOBO OOBatiOBO dOOOlBBOd rOOOBtly by ffOSOkt OBd *0yO~ 
OAiBB fTOB tAO bBOU lBVO Of BOB 0 f i l l brlBB tBOrBOdpBBBiOO 
OBd owoportd with too oxporSaoatal data. It BBO BOOB that 
too omBorfBOoiolly dPtoBBJaot TBIBBO folldv tho tttMfrott-
OBl OBOO. A UttlO dorlatlOB BOB BOOB OttTibBtOd tO 
opooioo with tho BOBbrowt BBtrlx of low flood OBBBBB oapaolty* 
V 
Pareteent oannortod nioktl and oooolt aaoonaato 
noaorano olootrodoo voro pvoaarod and aood oo ioa IIMMPI 
frw •arioao 1i1» l i t # 1i£» tt4 aai t i l olootrolytoo, 9k* 
olootrodoo osaibitod foiaatiaa tvoai with a l l tao olootvo-
lytOO aOOd 00 tOOt OOltttiOBO* U N OlOOO Of tiff l t M f V i t a 
tt l« I t} and 1i4 olootroljrtoo oa*0 nooltl** vbovoao vita 
l i t and 111 olootrolytoo taooo vovo aogativo* fao •lootro* 
doo vovo fomnd to hcvo no proforoatlal oolootivitjr taw 
oatloa* and aoaoralont anion* but vara oolootlv* to aul t i -
•alont aaloao. fao ooloottrlt? oooaoaoo for aalono vao 
aai *0 j 5 > 80j 2 > FttOOj4 > *•(<*) J5 . TIM olootrodoo 
voro aloo oxaataod for taoir aaoaroat ooinotirltr tor 
anion* no onvparod to nlafoanato ioa unla* potoatiAaotrlo 
roopoaoo* It vao found that ta* olootrodoo vara oolootlvo 
to naoapaato ioa and tkat tao nroooaeo of a, sartor of oat-
iomo and anion* in too toot oolntloa aaro ao •lftalfloaat 
laflaoaoo on tho ootlaatloa of J?oj' ion* Sao olootrodoo 
oaovod djmaalo roaoonoo vita a l l tao olootroirtoa aoadw 
It aao boon ooaolndod, taoroforo9 that tao olootrodoo avo 
aot vo l ! oaitod for tao diroot aoal taring of vww ranlalp 
ohanatag or at ami oat i f tao nonltorlnjr of jUrJjaiatiaaa 
or ootlaatloa of oloatvalrt* naaaaliotl iai aro latoaloot* 
taooo giro oalto ovtlofaotorr and rollaalo roaolto» 
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fao ooiaooolllty oaoaoaoaa oooarlac oorooo ovtl* 
f lo lo l m b r i n i i oooofratlag olootrolyto oolatloao atft* 
ott*o*to4 too ottoatloa of oaoaloto, ah—1—1 on*laoofO 
l i t e to oaoorotanA tao aooaoaloao of troaoport oo taat 
with tao kaovloico oo tmlaod thojr vomli bo oolo to fo*rt~ 
ooto amteonoo of ony ftoolroo pfroporty, o»§»v to oo oooolal* 
atlllooA la fool oollOf la too an&oloor tooaaolo*7t la tao 
•lootroaloljrolo, la «ooalla*tloat In brookloh votor ooo> 
•orolon, la olootrooloo a*6 la oovovol othor prooooooo, 
Blologioto, aovoror, vooJU llko to uoo taoa oo slaplo 
aodolo for Urlag oyotoao la ordor to uaaorrtond the ttruo-
toro oaA faaotloa of ooaolox ooll aoabraaoo la tomo of 
ootoollohoA payoloooaoalool prlaololoo* 
fao Utorotaro la talo floXA laoladoo roforoaooo 
la ohomlool onyoloo, phyoloml ohoalotry, thoovotlooX oat 
osporlaontol blolo*T» »oy«l*l«oT» MaoajroloOf ooll* ototo 
pajroloo, oaoaloal oaflaooriac, dooollnotlon aaJ aaalytltal 
oiaoalata?* Intro ovo oorotol oarooo of aomoroao rooooroa 
oaloa ao*o ootoatlalljr for-^ooalaf ooaoooaonooo to »ot*~ 
olao off* oaoaloal laoaotvy* work la talo flolo lo ooatrt-
oatlag oljalflooatly to tao oooaoalo proooorlty oat 
2 
phyoloal « t U tola* of a l l nan kind. 
Tho ntorataro la took fora ftoaartalat aoavraao 
tookaoloaT «M application* lo far too t i t c w l n to aaa*» 
tloxu fho principal falwaoo containing •lgnlfloaut 
aootloao ca, or total ly tovotot to aoaaraao olootroohoalotry 
aro ay Holffortoa (1 ) , Marios (2 ) , Marlnoky (3)# Clarko 
and Baofanaaaoha (4 ) , SploaOor (9#«), Hopo (7 ) , Ploaooy (8 ) , 
AroAt aai Ropor (9 ) , brioatalttarayaaalak (1<K12)9 Oolo (19), 
Btola (14), Caplan an« Mlkalooky (19), ftaaialaa aai Orao 
(16), Parlla aai lyrla* ( 1 t ) , Kotyk aai Jaaaaok (18), 
Harrla (19), Soalocl (10), Bittar (21), Ktllor (22), Kirk* 
wooi (25) ani othoro, Ooatlnmia* oorlo* aro o i l to i ¥y 
Kotyk aai Jaaaook (16), Blaoavaa (24), Danlolll, Ronoabore 
ani Caioakoai (29)* Application* of acabraao olootro* 
ehoalatry to y lo l i activity aonoiag electrode* eve amply 
dooorlboi la booko o i l to i ay liooaao* (2<) and ttarot (27). 
Vaaoraao roooat volaaoe aro oeaoaraoi, la part, vita aaa» 
kraao oleotrochoalatry (28-39). Hovovor, tala field ao* 
pro da oat anck a variety of aov aoaonrlat dovloeo ami aa* 
opiaai at aany oaalytiaaX oooolMlltla* la tara* of aov 
eaalyal* aai dotoatloa ayataa taat i t 1* vary llaaap Ual 
aUltlaaal volaaoa v l l l oaaa aaaaojr. 
•aoaaraao* la at fnoont i i m e a l t to aako. Za aiaplo 
s 
totvo, aooortlaf to Sollnor (56,$?)9 ft aoaoraao is A paaoo 
•v otruoturo lntorpoooA botoaoa two ohaooo ov oaapaJtaoato 
vfcloa oootruoto or oaaplotoly ororoato gvooo Bans aotoaoat 
OOtWOOB tiMI XattOYf tart OOfS&tft f l l i l | l | W i th t'OJfiaoji 
ftogroo of rootrlotioao of oao o* oororal apooloo of part i -
oloo fro* tho oao to tho othor or totvooa tho too aajaoont 
Jpoatt^ aaa^B'oa^ ^pok Oo^aaoAaoaa^Bj^ BjaoaajBOi ojFoo y OJHOO^H ojojp^nFrJHRft ojaaoaa»/aj| aaoj (ao^PwapawOj^ aa^a? OJO> 
offloioaajr aooovtla* to i to aata*o oat tho ooapooltloa of 
tho too aijaooat phaooo me aaapartaoato. l a olaylo tofott 
O O W O»0P OJpOJOVtBoV4»OOOOOJk ^B^O' OO* JoBWBT^B^O' ^p •J0^070jfcOJpjPjOB|»^ OBHOT •O^OTOj^OO^PiOjPJrO^OOjOOJ ^ 0 H M W 4 O J 0 M O J ^ 
proooat la too UtaUo auft/or vaporo ooataotlaf tho two 
oarfaooo (10). Tho ololofflotOt hoooror, agroo irlth tho 
follovla* tooariptioai "Blolocloal aoafcraaoo aro ooatt-
auoao otvaotavoo aooaratiag too aquooaa phaooo* fhoy aro 
rolatlTOljr lapov»oaolo to vator oolaolo oaBpoaaa** oho* a 
oaaraotorlotlo trtlaaiaar apooaraaoo vhoa f l a t * oootioao 
oaat — j a i l of lioiao aa4 piotolao* ( * • ) • 
aaaovaaoo aar oft aalif* ******* m ojao ( M l am* 
tao oortor paaooo aro aomally lABjaaa' o* a t f j i i altaa^afja 
olaoaalaa rolatlvo to tmo ota*» toa UmmmUm* tJalft fftft-
4 
ptrtr 1» 911X7 functional or operational* In order to 
offtot aai to aako oaaaioal or olootrooaoaioal aoaaaro* 
aoata oa a t n l r i M oyataa ia a w i w n i M i t iao t aaao 
traaaaort rolatoi aroportr anat to ouaooptlalo to toaaoral 
oaaaao* faaa, * aaaa** ia potoatial* flas* or ooaooaU'ai 
tioa ( i i n g soar rarriaa; aai aoaoaraalo taaatitioo) roaairo 
•aaalo taiokaooaoa i aaoa taat i * / & i» oaaaaraaia wit* 
tao otoorratioa tiao (D to a aooa i l ffaaioa oootfioiaat)• 
Alt***** irro»mlarlr aaapoi aoaferaaoa aro ooao»iraa2oc 
aoot taoorioa aai osaoriaoata avo roatriatoi to arotoaa 
vita oao itwoaoioaal or opfearioal •jaaotrjr aaoa that traao* 
port oooara ia oao Aiaoaaioa9 tao X iirootioa ia parallel 
faaOf planar aoaaraaoo or aXoa* a radiaa ia aoabraaoo 
vi ta ophorioal oaaao* 
Naaaraaoa aro oaaaiioroA to at aaroaa or aoaaoroaa 
iopoadlac aaoa tao oxtoat of aolroat poaotratioa (10)* i t 
ooataia aogHglVIo traaoportaalo opoaioa at oomllltriaa* 
Oaraaiaa, oaarta* aataraoaao orrotala aai tofloa f U a * 
aotaooa aotal olaoUoaoo or • laoHol j to Hrt^f-i* aaHrttaaa 
aro mtiX&jmmbtwm wm&Um* &&&B Wv&L tii* Wtik 
aa ajianarluaa aai f3a*a«oar%aaa i a oastaat v i m oajaooaa 
aloatiaijiaa aro H t a t i aaairaao asaaalaa, jft to* otaar 
tr 
u 
extreme are porous aaabraaes* vhleh eaa be eelwaaed and 
w i l l aoajtalji oeeqjeneate frost the ovter phases* Jieesa' 
theee are nenloale f l lae euoh ae eelL»phane# lnor«aale 
gels, and loosely eeaproeaed powdere la ooataet vi ta 
aguooue aelutlone* These materials absorb selrant fro* 
eas^S;^ Bsa»"'ejWsjsWs*ssJ sjetSMs e a a v e w « w ss*ejhsb w^^iS/ e^ eay^ e* ^ F ts<aMBi^F4ShV ea* w^awswet^^sjp' sjew eP ^seaesws*^BT 
neabraaea of pelyeleetrelytee ( • •s l id* tarn esahanaere)t 
aauaous laaleolble ergaale liquid eleatrolytee ("llsuld" 
lam esaheA*era) (1,10,12), Yarleu* parobaeat supports* 
Inorganlo preeipitatee (40-50) , aelld Ion eeadaetlna- elee» 
trolytee t salad tag silver halidse, rare earth fluorides, 
and alkal i alUeate and elaalno-silleate glasses (26,27, 
51,52)* Al l of theee aaterlale ooatala loale or loalaahle 
group* within the aeabrsaee vhloh are oapable of transport 
under diffusive or eleetrle f ie ld foreee. In addition, 
theoo aaterlals poaaoaa the properties of porosity. Poly-
elaetrelytee tend to avail rapidly by osaotl* preaaure 
driren uptake of solvent. Xd*uld ion orohawgar* are eur-
prlalncly slaw to take up water* while the ls*r«anlo salt* 
here no teadsnsy to hydrate* Olaaa aanbranse are oaaipli 
—tod by slamltaaeeus hydralyaia of the pslyolawtralytee 
duriaemptake ef water (55-55). 
the asasreas literature la usually uasswad eUetvsatatl-
G 
oally, but doo* provide an iatultivo oaonlosl dooorlptioa* 
For oaaaplo, *ohora»d» aoabranao usually rofor to olootro-
lyto aaabranao oaoa an oolid and liquid ion osoaaagoro 
vaoro tao flxod and aoailo oitoo ar« tao •ehargoa". 
Actually, tfcooo aaabranoo aro yu»i-olootroaoutral fta 
taoir balk tFhoit tho tnloanooo i s largo •a*parod witn tin) 
Dobyo talokaooooo at oath intorfaoo* QPaol-alootroaoatra-
l i t y aoaa* that in an/ toluao oloaont largo ooaparod vith 
tho dlotanoo botvooa ioao, th« rai of Ionia oharftO* 
| *i^i • °» ** **• litoraturo, *uaonarsod" aooibranoo 
aa^^ ^r lpw^w^ I^ ^^ ^^  p^ 4anaa^^^^^ ^^^^ ^ ^i^w^^ jr^^waaaava' at aw a» a r * * aaar^ *a a^wp'^' ^ w ^ p w a M i aa^^ ^ ^ p^ .^aaHa*^^* 
frooaontly »••* litorataro dofialtloa arorldoo no alaoo 
for 11*14 bllayor aoabranoo, vaian aro olootrootatlaally 
nautral only i s tao abooaso of onorfo oarrlora and in tao 
abaanao of bathing solatlono vaooo oalto poooooo proforon-* 
t i a l oolablllty of anion oror eat ion or •ioo-*oroa» bat 
aro uoually olootrootatloally onargod by an osooso of 
ion* of OHO ola* ia aoraal operation* Tfelok bydrooarboa 
aoabranao and aoabranoo of dlphoayl othor (or dorlratlTOO) 
pathalato, and — baoato ootoro aro conorally aoatral l a 
prooonso Of aoot batata* olootrolyto«f bat aay bo shargot 
oUotrootatloally* oofoatfia* • * taaotaooo, ia p r m a t t of 
aoatral tavrior apooaoo afcloa troforoatlall/ ooteailiao 
loao of omo siga. tao aoo of tao toaao» "ohargod* aa€ 
«— abargif to dooorlbo olootralyto or aoa ilootrolyto 
aoaferanoo ha* boon discouraged unlaaa tho prooioo oloetra* 
• tat ia ooanotatioa lo lavolTod (5<). 
Hoabranoo oay so broadly slasslfisd into nalnfil 
and artificial* Natural M i l n a M aro t»ul i«rtd to 
poooooo a ftaadaaontal sa l t aoabraao otraotuza vhloh Is 
orloatod towards tho two aoaoaws phaaoo of tho ool l , and 
protola la oappoood to oxist olsos to tho polar hoods of 
tho laaflot* This typo of tho aalrorsal airattiro to 
absoat in art i f ic ia l aoahra&os, 
T^ %f^ ff, —ifoi'HTtfif ifc (to) has glvsa a crtasstff tut toil 
of art i f ic ia l aoabraooo on tho oasis of i t s proparatioa 
aadcr tho hoadot (*) OporationaOly uaoful aoabranoo ( i ) 
Hoottgofiooua and (11) Hotoro«onooue aoabraisos vhloh aro 
caadiridcd into (a) non-roiaforood BO*brattoc» (b) fabric 
bached or rolnforood aoabranoo, (o) aoabranoo forced 07 
ohoalcal troataent of other fUse or Beebraaeo, (d) aea-
breaoe farced by tho aoeha&leel trcatacat of tho BBBbraco 
ferala* mnaoaoro or polyaero, and (o) aeabreaos forced by 
photo ohoaloal treetaonti (B) aoabraaoo to aorta ao aeeole 
far natural aoaaraaoot (0) Oeaaeolto and othor opoolal 
•BY ee*c™Ja»»ee*eawB*e/ ^^Bara ccaa/ c^ BjB^BBpBBBBByajtBBBBBa eaae^sroSBFvBOB^o^p war arCvffs ••eccew 
I t ooctoiBS cite* far Urn • • m a h l or i t ie oito»froo» 
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and i f i t io an ion oxoaatt0tr9 aooordla* to aaotao* i t s 
aitoo tar* fixod or aobila and afcotaor tao oitoo aad taoir 
ooantorioao ara aaaooiatad or diooooiatod. faio typo of 
olaooifioatioa aao oooa proa onto* by giaoaaaa, Sandbloa 
sad Valfear (57) . Tboao aathora aa»ro» k m W i rootriotod 
taoir diooaaaioa to aaabronoa ahooo proportioo aro ooao*-
dorsd to bo hoaoaanoomo i s too p i ta* of tao aoalraao t aad 
ftawo avoldod axpl lo l t ly v l tn tao ooaalositiao aaioa raoalt 
froa oitaor aosaie aoabranoo, in aaioa looal oddy oarroato 
oooar (5«) or oorios aoaoraaao in aaioa apaoo-ohargo 
rogLons oxist analoaoa* to taooo at a p-a ooaioondaotor 
juaotioa (§9)* 
A oaaraotoriotio proporty of ohaaloally inor l aoa» 
branoa la tboir ab i l i t y to affaot too transport of aator ia l 
f r o * oao oiaa to aaotaar. Coaeoquantly, tao throat o f 
taoorotloal dooortotloa haa oooa tao lstorprotat io* or 
explanation of traaoaort prooaaaoo and tao aoaourod 
offoota rooaltiag from prooouro dlffaranooa, toaporataro 
dlffaroasos, aot l r l ty difforoneaa, potoatlal dlfforonooo 
aad oajftoacto tferoaali ajoaavaaoo* A aaajaar of tl^srot&sal 
aoyroaoaos aaro booa «**•*# am aoooaat of aalaa ojro aaaaa* 
rlsod aalawt 
a* ttnantola taoraodraaaio looiaaaa 
At tao aoot aoaoral aad aaotvaat l«rol+ aataaat 
n 
regard to too otraaturo or «taMl«a fOataroa of a 
tottit tho flax of a«t%»r and •n«r«y e n bo found la 
t t m of tho »farooa* dao to a proseuro, tOBporaturo, 
aotlTitr* MP potential dlfforenoe aoroeo thia (or differ-
oatlal) aeabraaee* the groee theraodjntamle "foreee" 
(Ijj «oaorolloo« foroe, exeept toaperotur* dlffereaeet 
j ^
 ; •feree* dao to teaperature difforeneo) are vrlttea 
M l 
the notorial flax of eaoa opooloo 1 - 1 through k i s 
The proportionality factor* feetreen eeth partial flax 
eotttrlttttloft and the fereee ero the oot of Qaeager eoefffc* 
eleata, L*99 aaieh «ro tfaireloat to ejretea reeeeare ftao* 
tlono endt 
Dor o eraaetrle oot of a eeaatleae irlth a forooo# thoro 
awe oalr t/3a<a+«) laaojiadtiit ooofflolonto, faeee fereee 
oro aot arfcltrarllr deflaed bmt oro dedaoed froa the 
teaerel expreeeioa far entropy eredaetloa (rata of oaoafo 
of tho eyotaa eatreer) oa tat eyetea approach** eoalli*. 
1 C 
brlu». (>»«»£•** reciprocal relatione prorid* rigorous 
M i t M i M botvooa tho frlotloa ooofflolottto oaA botwooa 
•yotoa vooponooo otHr roolprooal (conjugoto) «on«itloi» t 
!•••» 8«i«s rolfttloao ««*h •* %hm prooeur* difforoaoo 
•rifting from M r m l flov, tho ftarront arlalng froa ft 
pfwoottrt «lfforono»t •*•• Bft* aoro iftportaott tal* •*»• 
ljrolo &mm&* rooogftltio* of lntor*otlono anonf flttsoo. 
A •tartl lag rooult i» tao la41*o«t 4opon4onoo of mmtomm 
ootoatlftl OA oa«hftrgo« ootoront fins* 
At • **!*# tho Oftftftftr ooofflolento, or faatttltloft 
vol«t** to toon* aro taunm for alaglo fwratfti prooooro, 
toayor&twni g •tMfttnt vail ion § #v oototitlftX clffor HIM s. 
U l N W f f %0 ftMftlft 1ftft ftpHMHMflft fOVB> lllKOJP ftOaOlAfttlonft 
o* trftaftforafttloao of olaplor flaxoo oro Ittrarlofelgr aooaoi* 
Tho nov Oaoogor oooffioloat* tho* oo«o*o ooablaatloa* of 
olaplor ooofflolonto, mo powor of irrororoible thorao-
Aynaelft* io tho ability to latororet tho O u i | i r oooffiw 
•tout* rolatlag forooo wA flaaoo la ooaplox ojotoao to 
tho olaalor frlotloa oooffioloato, 
A ftoot tonprrta—tf «S9*»*»0Ktftl aft* thoorfttl—1 
trootaoa* of troaooftvt ftavooft ftoftWonoo wftiag *»• iWMPtP* 
•iULft ta*Y**gy»aftlft ftftftty*** ftft +ftft* ft» iMMf lafttW. Mi 
&•»*•» («©)• AM osftollftst tvftUtr • * **** *» tho •#•!» 
W v A v ( j W w ^ W P w w P W w R i Vffa* • w W ^ ^ *»ftffa» ••ga^o* ftMV ^P*^ oa<^ HwJoV™j3aaW f WSaWPwi"^^""*^ 
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of forcaa «ad f laws in rogard to oas* 1* relating Roamirod 
rooponooo to Omi«fr ooofflolonta, aad relations «f rola-
t iro friction and Oasagor ooofflolonta* Thoy aiftMtt too 
prooaduro of rcroralSA of to* OAOBoacnologloal equation* 
la too fora 
rale* i s oloooly rolatoi to tfc* usual oxportaontally 
aoaosslblo friction oocfflcltnt mo<5el»,^i«y# 
Th« relative frlotlon ooefficients f^ and flk or* related 
1 7
 °k*kl "* Ci flk* ^** **• •• looit lsa la the contra of 
mass reference freae and *&/\ **& **$/e% o r e ferooo 
between I M l of i and 1 aol of k at unit velocity differ* 
onto, fho second part of Equation 5b follows from tho 
definition of a flux of a single spedes as a product of a 
looal concentration and velocity* 
At oonatant teaperature, experimental values of 
eoro current fiasco of aalt and aolTont aro detemiaed 
for uaayaaetrie bathing solutions, glsetreesaetls flax 
of aolroat i s detcrulaed aa am trass? dlffuslsa seeffl~ 
cleats , ffeere aro possibly el*at iteas of datai ( i ) 
olootrloal ceaeueteaee. ( U ) lomlo transport aaas*9t 
( i l l ) elestroosaotls flax, ( I T ) aalt diffusion flax. 
IS 
(•) voiumo or solvent osmotie flax, (vi) oounter ion 
traoor diffusion ooofflolont, ( r i l ) oo-ion t r m r dlffa-
•ion oooffloloat, m l (Til l) volwoo flam ondor hrdroata* 
t i o oraooaro dlf foroaao, nroa oxporlaontal flnxoo of 
opoaioo uador a glvoa olaglt frooo thornodynanic foroo, 
voleeitr torao «ro ooaputod. fao rooaltln* awlrlx of 
uakaoaa f valaoo aro oolvod aaiag rooiprooal rolatioao 
•ad aoatmptloao ouoh ao ooro frletloa oooffioiont for 
traoor notion amaag loan of i t s ova kind, ooro fr lot ion 
oooffioiont for poraaoloetivo Ion* lntaraatlat with 
matrix altoo, or Solo*!**** aeonaptlon that friction bot~ 
vooa oatloao and aalaaa In a potaoolootivo ion oxonaa#tr 
aaabraao lo aoro* t ^ valnoa are ooaputod froa f valaoo 
unln* Bquatioa 5b and L ^ valaoo followed or matrix aaal-
palatlono. Finally, oxprooalone for conductivity and 
othor aooaarablo quantitiao oan bo oxprooood la torso of 
R'o aad L»o, 
Iatorprotatioa of Lj. la torao of looal aolooalar 
proaoaooo la not diroat* iron interpretation of Lj^ la 
dlff loult beaaaea a oiaalo gpaaa thoraodraoalo foroo 1^ 
poroaaeln* a flax * k olaaltanooaolg affooto a l l othor #•••• 
Jfcwnannaljr thoao tn i l imt latMMPaflrtiaaa' QaH bo l lTTOlIti 
ay aowrtnf that frlaaloa ooofflaloata ropraooat ealy 
latoraotloao betveea a oalr of fini* 
IS 
:Jvon In nodal eratoae, the basic oonaldaratloa* of 
oyotoa IrtBfport oaa load to ooaplloatad aathaaatloal dao-
orlptlooa. Sao dlvoralty la tao taoorotloal forao for 
transport paaaoaaaa» vfeloa raaulta from alapUflaatlona 
nads or •arloao aataoro* i s a parti oalar hassrd to vorkaro 
la this f lald. 
It say W aaatloaad aoro tamt too dloolpllas of 
Irrsroralals thoraodraaftloa prorldaa a prooloo aathoaatl~ 
oal daaariptlon of too prooasooo of transport and dlffo* 
oloa la aoaoraao ajataaa, Ita appUoatloa to aoaoraao 
proooooso lo a natural dovoloaaoat of too oaolo thoorr 
of Oftoagar (€1) vfeloa aao fcooa darslopod or Btarovaaa (W), 
Sodom (#3)» Katoaolofty (64), Oaploa <15)# Htoro (63) t 
Splaglar (5»«)> Raotogl (66«»6S), Patarooa («9)# Hrkoood 
aad otaoro (23#70,71) la an oxtoaslro and axpaadln* lltora* 
tura. 
fl. caoaloal Baaiaooytajt Apgroaoh 
CloaoXjr ralatod mtaoam mood or thoorotloal ohaal > 
oal aa*laoora to daaorlba moaoraao tranoport aro baood oa 
tmrataf tao Israst-floaok oouatlona of aotloa iaaldo out* 
faooo atuatloao, kaova ao Bffaa WaamoU oouatioao, aoooaat 
for too aotloa of too ooataro of ajao* of tho aaaorana aratoa 
aad roaova a oomraa of ooaooaliatloa doaoadoaoo taat 
aoaomrod dlffaoloa ooafftolaaM v l l l otaorvloo amov omoa 
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measured in a laboratory coordinate oyato». "For each of 
a aaaila •pooioo la MM 4iaoa»ioaal flow. 
vaara x^ io aol* fraotlaa, Ct ift o**#oatffat&aaf 1A ml/m?, 
rA io partial nolar rolaao* ^ and • . aro oboorrabl* apo-
olo* rolooltloo, J9« *ro uaual flsuwe la laboratory ooordl~ 
aataa* and D9« aro 8tofatt«*aiwoll dlfffealoa eoofflolOBto. 
Thoao atmatiaaa aaaly to alaa** ayotoao, !•••» tota l maaa 
of a ayotoa laalaaing batata* oolatloa* ami «a»braa*. 
roaala* ooaotant* Gaaaidoriag a fix** aoabrano with alto* 
dool*natod aa opooloa 4» a olapli float ion la found* 
1 4 - 1 i • 4? ^ • 0 % j* 4. 
-RT d la *t/4x~Zt7 d /da+( ^ / C ^ ^ d p / d * 
- £*»^ajV< W ^ V <*> 
laatat asaaalaa of taia approaaa aro roaortad la aaaava 
by Idjntfaot (Tt) aai Oaaala* ( U h 4 abaraatarietia 
faataa* a t tfefta aHaaif aa vl 
lrrararalala tbtiatayaaaU afpvaajaa* %m 
• f U a w p i i JatamiHH aalam 
Vo 
notion* aooag moring and atat lo eoaponenta. 
0. "AotlTatloa Barrlar* g&aotlo Agproaab 
A third typ« of tfeoooy tvooto traaaaort prooooooo 
a* barrlar ooatvoUod klaotlo ovoato aaoaTtng oooaoatlalljr 
la 09000 v i ta l* too aaabraao« For a oortoo of barritro 
aaraaa valob * aaatlaaomo fins aooaro, ralatlona eaa ba 
darlvod to oxarooo flax la tamo of ooaoantratioaa Joot 
laalda taa noabroao oorfaooo* Par m barrloro of aqual 
halght and apaolog eaa obtolao taa tr iv ia l raaalt: 
vaaro P* u too lataraal aaraaablXltr* B| and C^  ovo taa 
ooaoaatratloaa la flrat and ath barrlar* Coasidarin* too 
oorfaoo proooaaoa to bo dotoiBlaod by rata ooaotaato K and 
K» afclon anot ba aaauaad to bo aoaoaro with their rat io . 
i/k m K%Ti$ tbo axtraotloa oooffloioatt baa boon rolatod 
to too apparaat ovarall pareaablllty, 
vboa K aad k ara oaall ooaporod altb D/d, thoa tho por-
aaabllltr F • i/1. 9m iatorootlac faatora of this aaaly-
f las l la l tat la* by aatoroal aaaooalratloa polarlaotloa (10) 
lo that tbo aaloodlag rate aaootaatt i» «ooo aot afftot 
ooraaablUfr/. A •aol l I a* n a H i a l I tlawjlr aoaao that 
1 C 
tho extraction *<iuilibriuo favour* tkm aomtora&o* ?ho 
adraatafo of tho oo oallod kiaotio analrole of M t r i M 
transport io that i t proTidoo an ovorriov without tho 
lutrodttotioa of apooiflo aodolo for forooo and orotoa 
fuaotioao. Oa tho othor haad» aov paraaotoro aro Intro* 
duood aad art rolatod to tho othor eottor kaova ouaatltloo, 
Ahoolato Koaotioo auto Tmoory 
Tho thoorr of oJoooSato roaotioa rato has booa 
appXlod to diffuoioa prooosooo la aoubranoe by oovoral 
laTootigatoro, ZvoXinoki, Urria* and Boooo (74) ooaoi* 
dorod tho dlffaaioa prooooo ao oao of tho baolo phonoaonoa 
for ooatalaln* tho growth aad dovolopaont of planto and 
orfaalawo, Thoy prooontod a dotallofl kiaotio approach 
to dlffaoloa vhloh olarlfloo anon ootuoUohod ooaoopto 
aad arovido lapotuo to a frooh approaoh to tho prooloao 
la the field of biologloal dlffmoloa. Tho abooluto roao-
tioa rato troataoat of dlffaoloa and aoabrano peraeablllt/ 
proridoo a coaoral ualfled poiat of wlew applioabXo to 
oyoto— of rarria« dogrooo of eoaplexitr* I t io eeualijr 
adopteM* to tho troataoat of tho peraeabilltleo of ao** 
Traato to eleotroXrteo, to aoa-olootrolrtoo uador tho 
i r t f t a t fafoto df * l i a i f l f a t l o a cradlaat, adftMlgr 
4Vod4oaet# aad exteraal aad latoraal poteatlal cradloato. 
twoUaolrl, ayraa* aad fteooo (74) troatioo oa aoabroao 
t ~ 
L. i 
diffusion i s based on the "activated state* or the 
"transition state* theory. 
I«ldler end Staler (75) here also treated the 
kinetlos of neanrano transport under steady state condi-
tions. They enpley s ia l l sr prlnolplee and exprese the 
rate constant of the overall preeess of surfaos penetra-
tion la tern* of a neater of epeedfle rate constants* 
Varloue spools! oaoos ore considered and discussed with 
referenoe to the experts* at al data* The/ developed flux 
equetion* for solvent and solute specially 00 a function 
of too oonotlo and hydrostatic pressures aoroee the men-
nrano. Recently, Tien and Ting (70) have applied the 
theory of absolute reaction rates to diffusion processes 
through Bllayer Lipid Keebrar.e (BUI) end have derived 
various thernodyaanle quantities like free energy of 
activation, enthalpy of activation and entropy of act i -
vation eto* These thersodynsnie parameters have been u t i -
lised to prediot the noahantom of Ion transport through 
l iving orate**, 
D. Pheaonenologieal atuation of Motion Approach 
fJss atoavtn oni nogely o#n4io4 thoovy of ttfanopovt 
io sane* on the *e»*ot-?lan*k flan ecu avion ( to ) . In i t* 
neot general fern* i t in oonoiotont with lrreverslslo 
1 <•" 
thenaodyncciic flax: 
(10) 
io too ooivoat tvananart valoeity *o* a aaaaraaa oontaia-
la* altos, Xa i t s aoat alaplifloa foaa tho laraat-Planok 
owatioa for a aiaajl* Ion la 
Tfcla fof» la too usual atatftiag plaaa for ealo&latlon of 
ooaoantratfcm, flald and potential profllaa vithia a warn* 
brana. Oarroat ftaasltlos la tha aoaamao of iatoratttioaa 
aataooa apaelaa, ria«» ion paring* oto* are glr*n art 
I - ? Z ^ - ( 2 A*>t) <15) 
Tla* Aapoaaaaoaa follow froa continuity oondltiea 
7)it/d* - - ^ l ^ a ) (14) 
tao aoooai torn of o*a« (13) la a font of Poloon's aquation 
vaiaa aossaato for apaoa oharaa bmilaXip at tfeo aarfaao Ana 
to aarrsat flow. Uao of Iornat-*la»ofc o$natioaa la atoadr 
aaaa> A ^ a A ^Baaa) ^aMaa^ i ^^ h ^^^^ B ^ H ^ a ^ f^eaaa^aaan^aa%oVol^ aaafc\ 
atais aaixam \osawoaaa oasjasaavaaaj 
a l l of tao alaaalaal transport rolatloas, 
Sovsral allaatoaaa la tho application of tha 
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standard f m of tha ft*? oquatlon and in tho lntorprsta-
t loa saft aadlflaatlaa of tho SV? equation Burl he aaatloaed* 
Th» first 10 an Integration to «1YO aoatrano potential* 
la tema of external lonle nativit ies , the hlotorlo Tserell^ 
Marer-SelTero eaaatlaa (7*~78)t aalaa deeorlbes tho aaa-
bran* potential for an Ion exehanger aomerane bathed la 
unl-ualTalent electrolyte of different netinitios* fhelr 
reealt laelndee tho olto ooaoentratlom epeelflealljr and 
allava far eo~loa traneport. It cohere tho rant* froa 
mid* alto densltlss, perasslsotivs neabranee to elte free 
neabranee. So aeeeunt lo takoa of possible solvent trans-
port. Subsequently, Soatohard (79) derived an expression 
far tho aeabraae potential, agala for ttni-univalent eleo-
trolytee, vhloh ineladed en integral involving transport 
of solvent, 
Tho aoot extensive etudy of teehnlques, baaed oa 
Plelje l 'o preaedure, for integration ^t tho otaadard 
Hernet-PleanJc equation aystea epplleable to liquid Jama* 
tloao and loa exehange aaaeraaae lo by Sahlefl (80)* Bla 
lategrutlon proeedure &vm tho diffualea potential la 
toraa of tho flaxee aad laterlar aarfaaa oonoontratlaaa, 
aad 4% a4voa flaxee la toraa of latorlor dlffueloa poten-
t i a l aad latorlor aarfaaa aeaeeatratlene, vlthaat tae 
aoaaldoratloa af eelveat tranepart* fao aatnod, valla 
eeapli anted, la quits general and applicable to sjrstoa 
r r. 
1HVO1T1B# inns of various aharsae* Slapllf loatlona aro 
poaaiala whan ton* f » l l Into Bsnograupa, a l l ions hew 
taa aaaa ubaoluta ohavss* H i * auaooajuoat payors ar t ooa* 
oaraot with aolatloas for apaaias f l a x , diffusion potan-
t l a l s , sat aurrant-'valtaga ourvsa whoa aolvant transport 
i s Inalaaad l a taa aoalfioa Bsrnat-PlaaaJc aquation* (81)* 
4 aaaprahanalra aaasuat of Karnat-*Pla*iak aquatloa la 
• i ™ SJOSpSSWSPPP'Sl^P^ * • • • ^PSiP^P ^^^^^P*^^P ^ V '^^(B^*^^*^^^aSJpS'wSSaP BSMP/ USSW^W'^asapBS ^ P ^ P W P W ^ SS)S4SS> 
l a raoant roviair by Bask (82)* 
f a l * granplng attoapts to olaaslfjr tha varloua 
nathauatlaal approashaa, aaeorftlng to tha Idas! aodal on 
wait* thar aro bassd« I t Is l a fast too sohs»atiof a* many 
thsorlas oaaupy tataraadiata paaltlon. Bo author la l i ke ly 
to tafca too v i a * that on* of thasa traataonts la right and 
tha othara wrong. Tha various doserlptioaii aupplaaaat aaaa 
other, and dapandlng oa taa ayataa uadar ooasldsration, 
oaa of thaaa w i l l prava taa aoat aultabla* 
Apart from Tarloaa thaoratiaal traataaata uaad l a 
taa lnvaatigatloa of aaasran* sratoas, oaa of tha aoat 
laportant aaaroasa l a aaaarant stadias I s taa aaaliaatloa 
of alaotroohaalaal prlaatslssi alaajtpasjpajlslij l a aaa-
svaaa stadias l a part I aoat at thraa lava l * (61 ) , Oa* la 
taa daralapaoat of tsshaiauss wlta sayllsstloa to axparl-
ajoatal phaaoa*aaXo«r taoAaftag os*i*at-*olta«a--tlaa~ 
ooaooatvatloa bafeariomr. A ooooad lo aatboaatlool aodol* 
Xln§ lapllod by oaporlaoat and too tod against osporiaoat. 
fho third laval i s osooriaontal Tarifioatioa of aodala in 
t o n * of tao noXaoular prooooooo and proportioo and 
inoludoa datorainatioa of taoorotioal paraootoro by 
alaotrioal aotaodo and bjr ooaploaoatry noaolootroohoaioal 
aotaodo t Fbyaioal, optioal, oor9 mat, Roman, fluoraaooaot, 
T-Jaap tooaaioao at a* fro* transient and otoady otato 
Maoaroaoat of onrront or aoabraao potential so a Amotion 
of oaoaloal ooapoaition, osoaioal tra&tmant, and toapora-
tura, tao rolao of kiaotlo and oquilibriua paraaotoro ean 
bo dadaood or infarrad. A poaalbla approach to oodellin* 
baffiaa irith tao aeouaption of too aoabraao a* a linear 
oyotoa to vaioa law* of aotaork thoory nay ba applied. 
Another begiae by eolatioa of baoio eleetro«-diffneloa lave 
of traaepert with equilibrium or kiaotlo boundary oondl~ 
tloao la order to dedaee forma for eyetea fanetloae anion 
aatiofy tao dots. 
mo aoet important oontrlbntloa of eleetroefcealate 
to aoabrana eleotroebealetry i e too treat fey of perepee-
t ire and vied** to too nov even* Caere ere aeny alae 
ean none la aUetroeaealetry anion nave oeenrred tnroofjh 
esteaelre etadlee of eleetrelytee oad oXootrolyto^oambroao 
laterfaeee. tteetreenealete hare learned to oabdiTido 
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oy*t*a* 1st* lntorfaolal *a« bulk pro****** *na to oxpoot 
offooto of Alolootrlo oonotaat (ooaalas formation, ion 
patriae), offoot* of onort ran** far*** (adoorptloa of 
ofearc** ooA aaafearg**: opooloo v i ta , pooolmly, ohoncoo la 
***** of iatorf**1*1 pro******)
 t off»ot* of ai«fe floXA 
noar ourfacoo (vion of foot, and Alolootrla «atur*tloa, f«r 
oxaaplo), an* tho laportaat off oot of looel potential* oa 
rat** of lntorfaolal are****** (Irreversible *aarg* tran*-
for*, p*i offooto* et*»)« la a* *m*n e* tho preeenee of 
the ***** enarge *t lnterf*«*• 1* * natural **a**oa*no* of 
too continuity of potential fro* oao ***** to another, tho 
proeenoe of ***** eaar** an« ***** eherge aodiatod offoot* 
la ******** eyetea* 1* anticipate*• 
Tho ouooooo attendIn* any unit operation la vhlea 
noabranee for* an Integral part, eueh as 6*nia*ralisa*loa 
by eleetrolyele, **lt flit*ratioa by application of pree-
eure, et*. depende on tho availability of emltable ac*>» 
a****** Tho oultability •* aoabrano for any partloal** 
operation i* determined by a ****** of facto**. A *•*» 
la»**tant reemlreaent 1* that the aoabran* oaoalA to 
*a**1oally oteble vhoa I*•***•! la *alt eolation* of 
oo*fa* al aat la oalt **latl*a* ooataiala* orgaal* eel* 
• •at* *r *ai4i*i*oT ****** *nA •***!• a**** boooa* fouled 
by ******* a*tir* ****** •* d**ii*—t* l iaaly to bo proooat 
In eolutloa to bo oaoloysa with moabransa, Bosldss this 
ohoaloal otabll lty, i t should haro somo aoeaaaleal strength 
and low slsotrloal roslstanoa. In odd i t loa
 9 tho asabrana 
•bould hawo flood dlaonolonal stabi l i ty undor dlffsroat 
wotting ooadltlona, fluffiolsnt asabrano f lexibi l i ty i s 
anothor proporty whloh snhanoss aoabrano suit abi l i ty , a* 
i t faolUtatss oaalor handling without broakago during 
any ©poratioa. Other dsslrabla proportloo whieh a aoa-
brano aay haw© to bsooao of praotioal importanoo aroi 
(a) alga loals sslostiTlty ©roa ia high salt snrlronnsnt, 
(b) low salt diffusion ia a aoabrano oonosntratlon ©oil, 
and (•) low slsotroooaotio wator transport* 
la "tailor ask©* a aoabrano satisfying tho abowa 
oharaetoriotloo oollo for affooting ooaproaloo botwooa 
opposing rsquiroaonts, oonsidsrabls attention, thorofors, 
has boon paid, la rseont ysars, to ths dowolopaoat of 
aoabranos with partloular and spoolfio proportiso. A 
rarioty of ooapounds sad proosssoo haws bsoa usod to pro-
pars than. Ths basis aatorial and ths •hoaisal prooooooa 
iarolTod ars suaaarlssd la a fow books oad rorisw artlalas. 
Vangor sad Moors (03) haws ooatrlsmtod a soatioa sa oaastia 
aoabranos, faava «ro two «aa*t©rs# oao aa ooUmloao aaa* 
bransa and othor oao aa oynthotio rooia aaaaraaoa ia tas 
book by towiaor (84)« 8bart iatroouotioa aa tao prssara* 
t ioa af lorn sxoaaags aoabranos haws boon writtoa by 
Kltoaonor (09)* faala (ft*), Splo^lor (87), I*k»h*lnaraya-
nalah (10-11) M « othoro (88-92), Similarly, thoro aro 
a oootloa and two aaaftoro la tho books by Bolfforloh (1) 
ana Vlloon (93)§ *aaaoo*l*oly. Xa tho rooont rorloir 
t r t l t l i t , Borfaaa and Krnloslnk (94), Hasonbor* (95) sad 
Jfrlshaasvaay (9*) hats lnoladod tho patont lltoraturo oa 
tho preparation of loa oxohan«o nonbranos a fov hundred 
alerons thloki whoroas Carnoll and Casaldy (97) provide 
oerrelated laforaatloa aboat tho preparation of thlek and 
thin lon~«xeftan*e and non~len exehaage aoahraaes from 
various notorial*. Reoently, two other reviews (98,99) 
havo appeared. Keller (22) ha* giro* a eonplete Hot of 
patents upto 1979 of tho Kenbranes used In desalination* 
la this thesis* tho preparation of parohaent 
supports* Inorgaaio preolpitato •sabraaos mad •valuation 
of transport pereaetors ar« described. The dlsoussioa 
hao aalaly boon reetrleted to eaaasatla#; oa only a few 
polnta eoneeraln* tho follavin* loalo preeeeeee In tho 
aombJPaao ayatoao, •peraeability phenomena*t (a) loalo 
transport •flax", (b) Msabraao potontlal, (•) Blootrloal 
ooadttotlTlty, («) loalo dlatrlbmtiea equilibria, (o) 
Spatial dlstrlbatlea at loao aad tho potoatlal within 
tho —brans* 
Tho neabrsns electrolyte oyatoa hao boon eonoidered 
to ooatala four chemical epeoieei ©ountarion, ooion, water, 
and fourth the aettbrane aatrlx which carried fixed lnogeaio 
groups and exolndea tha poss ibi l i ty of chemical reaction 
v i t a l * tha aembraae. Tha membrane matrix has baan eoael-
dered to coaeiet of fixed eharga and adjacent polymer 
eegaeate which together constitute tha rapaat ualt of 
matrix. I t l a , therefore* poeeible that kinetie coupling 
lataraotlon of membrane aatrlx w i l l inolade not only tha 
oontrlbutlon of fixed charge but also speci f ic polymer 
affacte i f auah ex i s t . Thie l e an lnportant qualif ication 
to tha deeorlptloa of tha epeeiee four aa simply as ion, 
although i t appear* from aarliar etudles that auoh offacta 
arc email (69-71). 
In ordar to elmplify discussion, tha content of tha 
thoala haa been a r t i f i c i a l l y • • par at ad into three part a, 
although a certain amount of overlap haa occurred. Suoh 
overlap le peralttad oaljr beeause i t helpe to elneldate 
tha topla under dleeuaaion. 
Chapter z deala with tha preparatlom of pai'rtanul 
aupporta* eerlam phoaphata, araaaatov melybdete, barb ornate 
mad malgmtia mimbraaia mm* tho OTalnatiam of tha diffusion 
rata* af a member of 111» 2t1 cad 3 i l e leetre lytee through 
aariaji areenate aad eerlmm pheephate earner ana a at diffaraat 
tempereturee. Dlffuelem aoaffiaiant and various tharao-
dyaaalo p t f a w t f n hart h—n oaloalatad in carter -to uadar~ 
ataad tao maahaniaa of loa paraoatloa through tha saaaranta, 
IB Chaptar XX ara daaorlbad naaauraaant of aaahraao 
pototttlalo aalaf rarloaa aal-ttnlTalaat alaotroXytoo at 
dlffaraat aoaoatttratloaa oat aadar laotharaal ooadltlona. 
f i t aaaaraaa potential data aara fcooa oaad far tha 
aralnatlon of thamodywaal oal 1y offoottvo flxad oharga 
danaity aa ao l l aa far tha axaalnatloa of tha Talldlty 
of Tartan* reoantly daraXopad thoorloo for atoatoraao potoa-
t i a l lneXadlnf; thoao aaaad o& tha thorattdraamloe of 
lrrararalala prooooaoo, 
Chaptar XXX daaorlaaa a aarlao of aaaOttroaaata of 
blloala potential aoroaa parohaent aapported oarlua phos-
phate » oarlua areeaete and oarlua aolybdate aoaereaee, 
Tha data here been uaad to exaalae the validity of the 
reeeatlj developed equations for naabreae potaatlal ami 
el loale potaatlal baaed oa tha prlaalplaa of lrrororolelo 
taaraadyaaaloa, Cobalt aad nlekel phoephate aaaaranaa 
aara alao aeon utllleed aa loa aaaaora for Tertoue 111, 
2 i1 , f t2 , 1i5 aad fi4 oleetrelytee. Se leet intr aaqaonoa 
of tha alaatrodo for Ida* of tft» olootroXrtao vita partl-
eular referee** to aaoaahato torn have teen laveetltated. 
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CHAPTHR X 
iaolyolo of Ion osofeOAgo nanbrana transport la 
moot admirably prooontod by Halffarlob ( 1 ) . In ohaptor a, 
tao thoorotleal and axparlnantal background known to 1962 
lo tell/ axplalnad, and too oooontiol aodarn etudlaa of 
Semtohard ( 2 ) , Kraaaman (? ) • Kobataka ( 4 ) , Ilaaraa ( 5 - 7 ) , 
Sohlogl ( 8 ) , 8plaglar ( 9 ) , and Sabmid (10) aro raforanaad. 
Claaaloal work dona prior to 1990 by the plonaare Sollaor 
( 1 1 ) , Taorall ( 1 2 ) , Mayor (19)* Marshall (14) and othoro 
l o , of oouroa, lnoladad. Taat of tno thaory Involving 
asasuraasnts of Individual Ion flux undar aolf diffusion, 
lootoplo traoor oondltlonaf and intardIffusion of tno 
diffarant loan from oxtornal bathing eolutlona dlsousood* 
In addition to ta l "alt diffusion, l l a l t s d by transport of 
eolona, and oolrant tranaport havo baam artonalralj pro* 
aantad, Raoant lltoratura to 1974 lo auaaarlaad by Hladlk 
(19) aad LaJc^mlnarajanolob ( l i -19 ) and by Book (20) . 
aufgoatod asvaral dloolal lar aooaomlam. v i ta tao iaaroaa 
l a d y dlrarao typoa of lorn osobonjo — a b f n o avallaalo 
through raoant proaroso lm Oaoalatty for oxaapla, oolld ( 1 ) , 
^ I 
mad liquid (21-23)* organie (24,25) and lnorgaale (26*27)* 
porous (20) and BOB porous (29) * the o f f se t s of membrane 
strueture on membrane properties are beoomlng bettor 
uaderetood (30,31) . amen understanding i s relevant to the 
development of phyeieal explanation* for the blo«eleetr lo 
and lon-traneport proper!iaa of l i v ing membraneOy the 
eubjeet of our primary intereet . Despite the increasingly 
bread (32) and detailed (39) deeertotione of biological 
lonio permeability and membrane strueture (34*35) that 
hare been given, the phyeioal meohanieme by vhieh ione 
oroee suoh memhranee are not known (32) and are the eubjeet 
of diroree speeulatione. I t haa, therefore, been postu-
lated and rather widely aooepted that ion peraxeation 
u t i l i s e s one or more of the following meehaniamet pores 
lined by fixed charges (36*37), l ipid-oolubls oarrler 
moleeulee (36)* diffusion in a hemogemeoua dle leotr io 
medium having rate l imiting "gating mechanism" at i t s 
eurfaoe (39)* and traneloeation of Teslolea (40) . The 
ion permeation aeroea a l l membranes, vAOtaer l i v ing or 
aon-l lvlng, la governed by too same lama, and that the 
enaraoterletlee of a partlealer aoabrans are dlroot eonee-
e.ucnoee of the typo of lorn t ranoyr t meehaaian v l th la the 
membrane and of the boundary oonaltlono at too msmbrams 
eolutiom lnterfaoes. A* far a* the lmtorior of any homo 
geneous membrane i s oonoemed, only four aeehenleme of 
v. CJ 
Ion traneport oaa be diatlngalshed naaely, ion nlgratloa 
luTolvin^ (1) a co l l i s ion aeohaalaa (essent ia l ly f r l e -
t lonal)
 9 ( i i ) » j«ap aeoha&lsa (fro* s i t e to alto) , ( H I ) 
« carrier aeehenisa, aaA ( I T ) ft eolreat drag aoohanlea. 
I ana aay distribute at the boundary according to ft Deanen 
equi l ibria (96,41»42), aooordlag to aero spcolf le Ion 
exchange equilibria* (49*45) or according to partition 
coeff ic ients (46,47), The boundaries nay also contribute 
to tho ftenbraac properties through the presence of un-
st irred layers ( f ) 9 high energy barriers (48)# or part i -
cular naoreaolsoular structures (39)* 
Whoa » meabrane i e used to separate tro or aoro 
e lectrolyte solutions of different ©oneentratlone, tho 
aobllo apeoleo penetrate tho meabrane and various trana-
port phenomena are concomitantly induced Into tho eye tea. 
Tho number of forooa that normally operate l a the afcaer.ee 
of external magnetic and gravitational forooa to oaaoo a 
flow or flax of aoleoalar or loa le epeoloo through a 
aeabrane aroi (1) dlfferenee of ohoaloal poteat lal , u, 
( l i ) dlfferenoo of e l e c t r i c potential I . ( i l l ) difference 
• f pressors Pf aad (*•) dlfforoaoo of taaparataro AT. 
Theee forooa whoa operate ladlvldually or l a ooabjnation 
aay generate a aaabor of pheaeaena male* u l t l a e t e l y loo 
workers l a th i s f i e ld to forward auaeroue taeeret leal 
daaorlptioaa, ovoa 1A alapUfiad modal ayataaa. 
A •arlotjr of aaaaranaa •an ba oonatruatad whoaa 
atruatura la vai l daflnad and aaaaa pars* at Ion aaahanlaaa 
and partioolar paraaatara aan b# rarlad la * oontrollad 
aannar, ^r aorralatin* atraaturo and Ion paraoatlon la 
aaaa aaaaranaa It ahould bo pooelbla to daralop axparl-
aantal oritarla for data raining tha atraatura* and hanoa 
tha aaaaaalaa of ion pamaatlon through an unknown naa-
braaa* In an attaapt to dovalap thaaa oritarla aa hava 
praparad a nuabar of lnorgaale praolpltata aoabraaaa (19, 
49-57) vita Ion axohanga eitaa and hero atudlad tha axtant 
to valaa thalr ohaaioal and transport propartiaa depand on 
rarioua aztarnal forooa auoh a* d i f far ant ehaaloal anriron-
aanta and taaporatara ato. 
Za thia ohaptar tha praparatlon of paronaant 
aupportad oarliam araaaato, aaaaaaata, aaljrbdata, omrbonata 
aad aulpaldo maabranaa ara daaarlbad. Tho loalo tranaaort 
thram«a aartaa araanata aad aaaaaaata aoaaraaaa^takaa aa 
typical arataa, aara baaa aoapatod aalag tha Klttalaargar'a 
aquation baaod an taa alapla laaa of alaotroljala. taa 
aaaaably uaod la taa lsroatlcatioa prorldoa data far 
Tarloaa aaaaraaa paramotora Ilka aaabraaa raalatanao R ,^ 
aaabrana potantial 1^ and tha dlffaaloa rata of laaa «Q/«* 
vltala a vary abort parlod, !•••» vltala tvo-thraa alantaa. 
<iC 
vitfc roooonablo aoooraoy. Varlono tfeoraodynonio poronotoro, 
nanoly onorsy of aotiration lm» froo onorsy •* activation 
A F , onthalpy of Mt iTi t iw r , and ontropy of activation 
A 8^ of tho nonbrano-oloctrolyto oyotOM hart boon dotor-
nined fro* too aoapmtod diffusion rata of ion* at different 
tenperaturee la order to underetand the Mohemien of ion 
OJ^p 00)001^0 jn^lO/jn' Oy OwBUO* ^ F V I ^ H R I OwOB^r ^ W P I B OPO* UUOW^O W 9 
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ferehuent supported nenbranee vere prepared by tho 
nethod of interaction entgeeted by beg and oo-vorkere (49* 
57)* ?ejreh*eut paper (supplied by K/8 Beird and Tatloek 
London Ltd,) von dipped i s deienised voter for obout om 
hour and thou tlod to out ond of * glass tubo of radius 
5*0 on* A 0.2R aqueous eolation of eerie* nitrate vao 
taken in the tubo, Thia vao euepended in a 0.2M solution 
of sodlua tri-orthopnoaphato for about 72 hr. Tho too 
eolations voro throvn and fresh eolations of both eerlu* 
nitrato and eodluv tri-orthephoephate voro takon in tho 
ia&erehoaeed atato ond kept for anothor 72 lop* Xft thio 
voy fino depoelto of oorinoj phoophnt* vao obtainod on tho 
omrf aoo of parohnont paper* the aenjbruno vao the* v*o*od 
with doioniaod voter for tho ranoral of free eleetrelyte. 
I t vao thorn out into a oiromlnv die* fern of rodJao 3 om 
and vao ptoooreod in vator* Slnllur procedure vao ado at ad 
41 
for tha preparation of oerlua araenate, nolybdate, earbo-
aat« and aulpaide aoaaranoa lay taking 0*211 aqueoue eoln-
tlona of oerlua nitrate on one oldo of the parehaent paper 
and euependlng It la aqueoua oolatloaa (0*211) of sodlua 
aalte of araenate, aolybdate, earboaate and eulphlde, 
reepeetlTely, 
The aeabranee were elaaped between two half oelle 
of on eleetrooiiOBloal ooll of the typo eaowa la Fig* 1*1* 
Bach of tha half ooll wae f i t tad with a eoaduetlrlty ooll 
(A# A*) to follow oonoentratlon ohangee, two anion rower* 
alble i#-A*Cl alaetrodao - a J shaped (J, J') kapt vary 
near tha aaabraae mirfaoo to monitor aeabrane potential 
and a dleo typo ($ , P*) to paee olootrie ourroat* Tha 
oapaoity of eaoh of tha half oolla holding the membrane 
von about 125 al* Init ial ly the concentration* C« aad 
C2 of tha olootrolyto oolntloao woro 0.001M and 0.1M oa 
too two oidoo of tha aembrane* reepeotlwely* Tha eolu-
tlona la both tha ohaabaro woro otlrrod by a pair of 
alootrioally oparatad aagnetle otirrora aororoa with 
flaaa. All aaaaurasaata woro takoa la a wator thorao-
otat aalntelned at 10, 15» 20, 23, 30 £ 0*1*0. 
Xxaotly known weight© or wolweee of two toot eola-
tlono woro Introauoad (oay at aoro t lao) . Jmo ooadnotinty 
Oflla wore ooaaootod to the ooadnotanoo bridge (Oanbridge 
•X. ' 
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Instrument Co. E&£landf No. 35C140) to follow eonduotanaa 
^^RiwVM*|^B^HHr VMn^NMl VavaaVP 9 • • ^ F anjarJp#*^BJTB)aifajW»iai^B' ^VaManaaajp^F aMPa V V M p l i V v V M l ^ 
vita aatod vitoia 5.5 tar* paiftad a» toa 02 aida (0,111) and 
•o wa lunra ajaaaaad tola aa Mt i l f i i t iaa to 1M PT aa 11 aal l y 
aoaataat and fallovad aaly tfca aaaduatanaa afea&4»* •» toa 
0| a l ia . Ha) asaat aomaaatoaitlaa af tola aalutloa vaa 
datayaimad trom a aallaratlaa amrva vaava aaatmataaa* »** 
plattod acaiaat aoaaantratlaa* Aaathar aat of aalltovUa* 
aiurraa vara aaadat to aatalm aatlaala aoaaantratlaa p*toa» 
t l a l Bg» fro* taa plota of aaf agalaat lac * • aaaardlaf to 
taa ataatla* 
i ^ - ftf/s^v l a fa (U1) 
Thaaa vava afctalnad ay aala# * pair af aatovatod aalaaal 
and A*-A«01 alaatrodaa in taa toat aalatlama. far a l l 
taa alaatoalytaa aadar lavaatlcatlaa 1 ^ vaa tafeaa aa tha 
Alffaranaa aatvaaa aaf Taloaa *t taa dllata and tka aaa-
aaatratoa aalatlaaa* 
9ft* Talaaa * f aaaarana aatoatlala f^ * * r* dataralaai 
a/ aaaaarmg potential (mala* a Py* praalalaa raralar 
yalanfl—tor l a . 75**) aaroaa # and J9 alaatradaa ad aay 
laataat af t i a * . Dai patoatlal va* aaaal to taa al«*»rala 
lam * f to* a»a>a«aliinam j i fa i lTa l \ - ami tha a*m***a* 
aatoatlal *^ ( !#••• \ - • a^)* l a * aaaaaattallaa patoatlal 
4' 
dlffaranca S#- vae calculated using equation 
froa taa ntaaarta aanaaatratloa a* taa •laatrolrt»« on 
tha two alaaa »f tha aaaaraaa an* t^ vaa aatalnat fcr 
aaotraatlan* 
2a 9rtT ta aataralna aaaaraaa m l t t a n i t 8^, « 
• s a i l 4c •arrant vaa aaaaaa threat* tha d i n ala«tro«a« 
D, D* ana aaama la potential tea to appllaa valtaga 
aaraoa *# 1* alaatvaaaa naaauraa, Tha aha*** la patantlal 
vaa aortal to XR .^ taa aarrant I aaaaaa thranjja tha aaa-
araaa arataa vaa aataralnaa bjr aaaaaring XX arap aaraaa a 
praalalaa Illo-ahn raalatar, Taa aarrant vaa aavt vary 
lav la a*Aa* to atalataa tha Ian tranafar Jarta* tha parlaa 
fc-3 aftaataa raaatraa for aaaa raalatanaa aaaaaraaaata, 
Tha airaatlaa of aarrant flav vaa ravaraall la aaah aaaaae* 
alva aaaaaraaanta* Taa %miw la tha aaaaraaa patantlal 
and aaaaraaa raalatanaa aaaaaraaaata vara vithla t **# 
ana & raopaatlvolr. Tha varlaaa aalt aajattaaa (ahlarlaaa 
af *% *a% U?9 »***» Oa**, nj+ aai Al*") vara aranaraa 
traa analrtlaal craat vaajaata aata* lataataat aatav* 
4-1 
TABLR 1.1 
TAJSHB OF FARAJt«f**8 F0* Th* i/lFf^SIOii OJF X01 (0.1ii/C.OG1i§) 
TH&OOOB OttXtm ARSWAfl KHORAffll AT 10*0 
flat 
(to) 
0,0 
O.J 
no 
t 3 
2.0 
2.9 
9*0 
0*ft« (Ot) 
(K)s104 
19.0 
18*0 
11.0 
24.8 
29.0 
94.0 
99.0 
» • % . 
(»• ) 
119.0 
114*5 
109.9 
109.2 
100*9 
99.4 
91*4 
V 
(»t) 
101.0 
100*9 
9 t .« 
94.4 
94*9 
91*9 
09*4 
TA1LI 1 
\ 
(«•) 
i i * o 
19*0 
19*4 
14*9 
14*0 
19*1 
12.4 
.2 
\ 
( • « • ) 
290*t 
190.4 
199*9 
221.8 
tor* 4 
190.9 
190.2 
40^/4**10* 
<•*/») 
20*00 
20.90 
21*90 
21*90 
29*10 
29*40 
29*99 
•AXOTB OF PARAKBT1HS FOR THB DIFFOTXG* OF KCO. (O.IH/0.0011!) 
THROUGH omnm A&SWAT* K W B U U I AT 19 # O 
fftM 
<*r> 
OHM (0!) 
( X ) S 1 0 4 
% » 
<»7> 
1 ^ 
(«T) 
I 
(»•> 
* » 
<•»•) 
«a*/*ts io 7 
<••/•> 
0*0 
0*9 
1*0 
1*5 
2.0 
2*9 
9*0 
14*0 
20*0 
29*0 
29.9 
94*9 
99*9 
49*9 
11T.0 
111*0 
104.7 
99*9 
99*1 
91*0 
80.0 
109*4 
102*0 
99*4 
97.9 
99*0 
92.4 
90*0 
19*4 
19*2 
14*7 
14#1 
19*9 
12*4 
11*9 
24T*f 
241*4 
223.5 
209*2 
194*4 
191*9 
10T.1 
21*14 
21*44 
22.4T 
29*72 
24*41 
24*44 
24*79 
4 5 
TABLB 1.3 
IkWV* OF PiRAMTBW TOR Ttti J&XMTUMO* OF *C1 (O.1*/0.001M) 
fBROon onxox ASSWAfB MmmAKi AT 20*0 
(0. ) 
(tar) (K)s10< 
*0»0 
c»7> 
V 
(»7) 
V ** 4Q+/49«10? 
(»T) {•]») (mM/m) 
0.0 
0.5 
1.0 
1.9 
2.0 
2.9 
3.0 
14.0 
ai.o 
90.9 
33.5 
41.5 
40.0 
54.0 
117.0 
109.1 
101.0 
94.2 
•5 .0 
05*9 
83.0 
109.4 
109.0 
100.5 
9T.1 
99.9 
91.7 
90.9 
TAMJ 1, 
15.0 
14.4 
14.9 
19.9 
1t .T 
12.5 
11.4 
.4 
290.5 
225.4 
210.9 
190*9 
108.1 
18t.T 
174.4 
22.5 
19.9 
14.9 
29.0 
29.9 
29.9 
24*4 
ruBBB of tjaumma rom THB Dxmoxo* or i d (O.IK/O.OCW) 
THEOWH OttXOK AR8WATI iOKKiASB AT 29#C 
9i»* 
(to) 
(0| ) 
(*)*1©* (»7) 
V 
(•9) (••) 
^ «Q*/«**10T 
(•ta) <*</•) 
0.0 
0*9 
1.0 
* • § 
1.0 
2.9 
9 .0 
14*9 
21.0 
27.0 
99*9 
42.5 
49.0 
94.0 
119.2 
100.7 
101.4 
tia 
00*7 
04.4 
00.7 
109.0 
109.9 
100.0 
94.0 
99.7 
90.0 
•9 .9 
14.9 
14.2 
15.4 
12.8 
12.2 
11.4 
11.2 
227.9 
217.0 
199*9 
109.2 
179.1 
171.4 
140.9 
29.94 
04*90 
29*00 
ttiM 
•4.79 
27*10 
27*19 
4C 
TABUS 1.5 
VAI4I8B QW lAAAMITB&a SOU TBS hlViVMZV OF 2C1 (C.tE/CCCUO 
TBSLwm oiaxra ABBBVATB wmmun AT 90*0 
(fear) 
(c,) 
(M)xlO4 
V*6 
(••) (•Y) (»T) ( H i ) ( • * / • ) 
0*0 
0.3 
1.0 
1.5 
2.0 
2.5 
9.0 
14.5 
20.9 
28.0 
4 U 0 
48.9 
94*9 
•0 .0 
117.6 
106.1 
99.4 
89.1 
84.2 
80,9 
78.9 
10T.0 
104.3 
101.4 
98*8 
99.9 
90.7 
88*8 
TABU 1< 
19.7 
19.0 
12.4 
11.8 
11.2 
11.0 
10.4 
.6 
221.2 
204.2 
189.9 
178.8 
170.6 
160.9 
196.7 
84.66 
86.10 
27.93 
28.52 
28.92 
28.98 
28.97 
TAOTB of PARAiamas IOE m* B i m s z o v 0? l a d (O.IM/O.OOIH) 
THEODOH CBRIUK A&8BSATB WWBEANB AT 10*0 
(c t) 
(ftr) (M)itio' imt) («T) 
\ *+ 4 < ^ / * % X 1 0 7 
(•T) (•)•) (•*/•) 
0.0 
0*9 
no 
1.5 
8*0 
2.5 
5.0 
14.0 
19.5 
31.0 
^••0 
45.0 
52.5 
98*8 
116.6 
110.7 
98.1 
92.2 
87.4 
82.6 
78.6 
89.0 
87.9 
88*9 
79.4 
76,4 
79.0 
mo 
14.4 
19.7 
19.0 
12.1 
11.9 
10*6 
10.2 
299.6 
279*7 
260.9 
249.6 
294.9 
229.2 
881.9 
19.94 
19.87 
16.09 
16.99 
18.97 
17.19 
17.99 
4'; 
fABIB 1.7 
V A S » of »tfum«BS FOR 
THROWS OBRXOK ARRRVATI 
TUB DIFFURIOR OF **G1 (O.1K/O.001II) 
mouin AY 19*0 
(0,) 
(to) |*)*10< <»7) 
V \ *W to*/***10 
(»T) (»T) (•*») ( • * / • ) 
0*0 
O.J 
no 
t . 3 
2*0 
2.5 
9.0 
14*0 
17.0 
29.9 
19*0 
54.5 
41.6 
51.0 
114.4 
112. B 
104.1 
90.1 
99.1 
89.5 
88.9 
93.6 
91*2 
54.7 
82.8 
78.8 
79.7 
87.4 
tABXI 1, 
19*9 
12.4 
11.8 
11.1 
10.8 
9.9 
9.7 
.8 
278.4 
288.9 
249.7 
228*9 
222.3 
217.3 
210.5 
17.12 
17.88 
18.19 
18.92 
18.33 
19.20 
19.89 
7AIOBS 07 PARAMETERS FOR fill DXFFtfSIOR OF VftOl (0.1M/0.001K) 
THROUGH OmitJM AR8BSATR KWORABR Af 20*0 
(tar) 
(ot) 
(M)«104 <»•) <«•) (•7) (•*•) OMV*) 
0.0 
0.9 
no 
4*3 
8*0 
1*9 
9*0 
19.0 
18.0 
20.0 
84.3 
94.3 
98.9 
49.0 
119.7 
114.0 
107.9 
toni 
92.8 
83.9 
88.8 
99.0 
99.8 
90.4 
«*JL 
21*9 
T9.8 
78.9 
12.8 
11.9 
11*1 
10*4 
18.1 
9*9 
9.7 
288.1 
294.9 
298.5 
JIM 
219*2 
209*7 
207.1 
19.4 
18*8 
19*0 
«0.1 
20.9 
20.7 
20*9 
48 
TABLE 1.9 
YAlffW OF PARAKlTlftS 732 TBI BX7708XO* 07 1*01 (0.1M/0.001*) 
THEOTWH OBUtm A&8SKAT2 10002491 AT 19*0 
( IV) 
(0 . ) 
(ft)xtO' (•*> 
^ ^ iq+/otxio7 
0.0 
0*9 
no 
1*9 
2.0 
2.9 
9*0 
11.9 
19.0 
19.0 
19.0 
26.0 
9 U 0 
9T.9 
122.9 
119.1 
107.0 
102.9 
99.9 
94.9 
• 0 . 9 
109.7 
102.0 
99.2 
99.? 
99.2 
Oft* 9 
09.9 
TABII 1, 
11.0 
11.1 
10.T 
10.1 
9.6 
9.0 
0.9 
.10 
290.7 
241.9 
220.9 
214.0 
209.0 
202.0 
200.1 
21.19 
21.00 
»t.47 
22.92 
29.19 
29.09 
29.99 
TAHH* 07 PARAJWTBM 902 fBB DI771I0X0I 07 9*01 (O.m/O.OOIK) 
THaouoK entxtm ARBISATI KBKBUSB AT 90*0 
(c.) 1 
(kr) (M)xio' ( • • > (•T) 
\ BB OO^/OtxlO7 
(»T) (*ka) («!!/•) 
0.0 
0.9 
1.0 
1.9 
2.0 
2.9 
9.0 
11.9 
22.0 
20.0 
90.O 
99.0 
99.0 
40.0 
121.7 
100.0 
99.9 
• • • # 
91.1 
07.9 
04*f 
100.0 
90.9 
99*9 
•0.7 
•7.9 
•4.0 
09*9 
11.9 
10.4 
9.9 
9 U 
9*0 
0.9 
• . 1 
240.0 
290.0 
215.0 
204.3 
190.2 
194.9 
107.9 
21.9 
21.0 
22.4 
22.4 
22.9 
29.2 
29.9 
4u 
TABLE 1.1$ 
niBW Of PJtfUWTttB TOR 1KB MFFOOXOll OF 1A01 (O.IJi/O.CClk) 
TBEOOOB omxim ASSKIA*I mwuf f i AT IO»O 
fte* 
(ir) 
0*0 
o.> 
no 
1.3 
2.0 
2*9 
9*0 
^^WW^P^P ^ ^^^B ' 
(«)»1©4 
19.9 
16.5 
10*0 
21*0 
24.0 
24*0 
29.5 
* • * • 
(»• ) 
111.7 
109.4 
104.7 
101*0 
97.7 
94.9 
90.7 
V 
( • • ) 
09.4 
80.0 
07.4 
04*9 
02*0 
00*4 
n.t 
\ 
(mi) 
0*9 
0*0 
7.4 
6.4 
9.7 
9.0 
4.0 
« * 
% VP00J8»£ 
941.9 
901*9 
511.< 
004*9 
249.9 
299*2 
244*7 
4Q«./«%x107 
(•»/•) 
19.40 
14*22 
14.40 
19.29 
14*09 
14,49 
14*44 
9ABU 1*12 
Yjoxm OF »*MHsmm FOR ma Ditrooxoo OF IACI (O.IK/O.OOIH) 
waotjcm on ira ARSSKAT* RBOTRAHI AT 19*0 
(IMP) 
(0«) 
(ft)slO4 ( • • ) 
V 
(•7) 
\ V 4Q*/4te1©T 
(«Y) Ufa.) (•«/•) 
0*0 
0.9 
1.0 
t.f 
2*0 
2*9 
9 .0 
11.0 
14.0 
14*0 
19*0 
21*0 
24.0 
00*0 
117.7 
119.1 
100*0 
400.4V 
100*4 
94.0 
tl*7 
92*7 
90.9 
90*2 
-04^0 
04*0 
00*4 
70.4 
7*4 
7.9 
4*4 
M4 
4*9 
4*4 
9.4 
920*4 
909.9 
004*0 
JfiUt 
249.2 
249.4 
290*0 
14.97 
19.17 
14*10 
14*99 
17.49 
17.71 
17.90 
5C 
7ABIA 1.15 
7AIO20 OF FAEARBfW FOB « | DIFFTOIQI OF L t d (0*1li/0*0Ql&l} 
TBB009I CW1UII ARABIA?! KBttBftAVB AT 10*0 
( IV) (X)x10* (•T) (•7) 
0.0 
0.5 
no 
1*9 
2.0 
2.5 
3.0 
12.5 
«M 
20.0 
22.5 
27*0 
50.0 
53.5 
114*0 
109,7 
102.0 
90.0 
95*3 
09.9 
eo*4 
90*7 
9**0 
94.3 
92*4 
99*9 
0P0*ipW 
•5 .9 
7*1 
• . 5 
5.4 
5.2 
4.4 
3*§ 
2M 
320.7 
3 0 0 3 
174,0 
232, f 
242*1 
«37.f 
133*9 
13.92 
10*07 
17*70 
10*03 
19*23 
19*40 
19.99 
7ABUB 1*14 
•Aim* OF H&jummm FOB *BI PXFWOXOS OF IAOI (O.IM/O.OOIN) 
waoooH cMitm ARSWAM MBMMABI AT 29*0 
f l a t 
( l » ) 
0*0 
0*3 
no 
1.3 
1*0 
i*9 
3.0 
o**o (e,) 
(B)*104 
14*0 
10.5 
22.0 
23*9 
30.0 
32.0 
34.3 
* • * • 
(•7) 
112*0 
104*0 
99*9 
99.1 
90*1 
07*7 
09*0 
V 
(•T) 
90*9 
94*4 
91*1 
•2 *0 
03.9 
01.4 
79*0 
\ 
(»T) 
0*3 
5.4 
5*2 
4 * J 
3*9 
3.2 
2,7 
*m 
(02«) 
309.0 
004*9 
244.9 
aif.4 
229.4 
^ • ^ P # JF 
213.2 
«o+/atxio7 
( •« / • ) 
10.97 
17.07 
17.70 
10.44 
10*09 
19.22 
19.33 
51 
TABLE 1.15 
fAlOTB OF PA&AKBfttS fQft fBB £XFF8SI0> OF IAC1 (0.1K/0.001M) 
t a m o s omxim ARBWAM o n u s i i t jo»o 
(a,) 
(IKT) (M)«1<r 
" • % • 
(•?) («T) 
^ B^ 4Q*/itx107 
0,0 
0.9 
no 
1.3 
2,0 
2«f 
3.0 
1t»9 
1T.5 
23,0 
24.0 
31.0 
3*.0 
3^3 
109.8 
103.1 
97.T 
94.0 
68,9 
84.3 
82.7 
100.0 
93.4 
89.7 
84,3 
81.7 
70.4 
• M 
9ABI* 1, 
9 * * 
3.1 
4.7 
4.2 
3.« 
* • * 
2.3 
.14 
t f l . 7 
274.4 
249.2 
234.8 
222.7 
216.2 
212.1 
17.00 
17.92 
1S.71 
19.13 
19.32 
19*90 
20.48 
lAxam OF FA&Awms won *a* PIFFUSIO* OF lusig (C.IH/O.OOIM) 
fBBOOOB OntZOK ASSlffATB WIKBBAW1 AT 10*0 
Civ) (M)s104 (•T) 
^ ^ io+/«tsie7 
0*0 
0.3 
1.0 
1*9 
1.0 
t . 9 
9.0 
11.2 
12.0 
1i*9 
13.0 
13.9 
14*0 
14.5 
17.9 
14.7 
12.4 
10*4 
t . 4 
4,0 
9.4 
49.9 
84.0 
•3 .4 
W . T 
•2 .2 
4i .O 
•1 .4 
-80.3 
« • » • • 
*«9Vi 
1
 '^4)4)«44 
« « . 4 
- • 4 . 4 
«*M 
249,9 
• * • » • 
•99*t 
M U 
l«t*9 
MM 
t#M 
11.91 
11.44 
11.94 
iSOS 
13.4* 
19.04 
14.11 
fABLI 1.17 
7AI0B8 OF PAIUK1T»8 FOft 9R1 2SF998X0* OF Btlttg (0.1K/0.001M) 
THROUGH Ottl lV ARSWAW WBURASB A? 1f*0 
f l a t 
( I V ) 
0 . 0 
O.J 
no 
1.5 
1.0 
2.5 
5 .0 
OMM (O t ) 
(K) *10* 
12*0 
12.5 
15.0 
15*5 
15.0 
14.0 
14.5 
\ % * 
(«T) 
15.4 
15.« 
11.2 
$.7 
7 . 9 
8 .7 
9 .8 
V 
<»•> 
84 .7 
66 .2 
«5 .9 
85 .8 
85 .9 
85 .0 
84*7 
tABia i , 
\ 
(»H 
- 6 1 . 4 
<*82«4 
- • 5 . 0 
- 8 4 . 9 
- 8 5 . 9 
- 8 4 . 7 
- 6 4 . 9 
»t8 
7A2JJ20 OF FJ0UMS7St8 FOft TAB WFIVfi lOI OF 
fS&OOOfi CmtfUH A2SKUTI fiLBUBttAHJ A? 20*0 
M « | 
(tor) 
Ottft ( 8 , ) 
(ft)s10* 
\ l 4 
( •V) 
1 ^ 
<»7> 
* i 
( • • ) 
» * 
(•te) 
255.7 
298.8 
218.4 
198.2 
184*7 
170.5 
197.1 
4<^/4tx10 7 
(•*/•) 
12.08 
18.85 
15.75 
15.15 
19.88 
17.09 
10.37 
BmOXj (C.1M/0.001II) 
» * 
(•ftft) 
0Q*/4ts10 7 
(•«/•) 
0*0 
0.5 
1.0 
1.9 
2*0 
2 .5 
9 .0 
11.9 
12.0 
i i . 8 
19.0 
15.5 
19.9 
14.2 
19.8 
15.7 
10.5 
9 .0 
7 .7 
4 .5 
5 .9 
86 .2 
87 .9 
89 .5 
Wit 
84 .9 
8 8 . 8 
88»4 
- 0 1 . 9 
- 0 5 . 1 
- 8 4 . 5 
• • 9 * 4 
«*M 
*8T«1 
- 8 7 . 4 
149.4 
225.9 
200.5 
1 8 * 8 
171.1 
105.1 
185.0 
12.95 
19.71 
14.78 
%uot 
17.08 
10. Ot 
10.90 
53 
rtasm or Fmmnmi worn 
*HROO« cmum AEBMATI 
TAB&B 1,19 
THI vxwrmm or taoXg CC.IK/C.OCIH) 
mauHB it n*Q 
(o«) 
(lor) (*)s10* <••) (*•) UT) («te) (•»/•) 
0.0 
0.9 
no 
1.5 
2.0 
t . 9 
3.0 
11.9 
12.0 
I t . ? 
15*0 
t3 .8 
14*1 
14.9 
19.T 
U . t 
10.3 
9.1 
§ • • 
5.4 
4.3 
94*9 
94.0 
93.4 
99*4 
99*0. 
91.4 
9 t .4 
ffABU 1, 
- a t . T 
- • 9 . 7 
- • 4 . 9 
-84.0 
-84.8 
-87.4 
-88.1 
,20 
139.8 
m.4 
194.4 
177.T 
144.9 
155.3 
152.2 
14.34 
14.03 
1T.9I 
18.8t 
» • * * 
21,11 
t t .49 
•JUOT0 OF PAHAKHTBR8 fOt THK DIFF08IOJI Of HOUg (0.1K/0.00110 
9810008 OBEUm ARSBBATI KBlURAftl AT 90*0 
< « , ) 
"•18 
( IV ) (»)8104 <••) { • • ) 
^ 1 ^ «Q+/«tft107 
0.0 
0.5 
1.0 
ni 
t . 0 
2.3 
9*0 
11.9 
12.0 
t t . * 
19*0 
19.9 
19.9 
14.9 
17.4 
I t . 4 
M 
8.J 
7 . t 
9*9 
4.4 
95 . t 
94.7 
94 . t 
94.C 
99.9 
99.9 
93.2 
-83.2 
-84.4 
- • 5 . 4 
" * • * • > 
- • f . 3 
- • • . 0 
««W9 
290.7 
t07.7 
187.3 
~«*Jtil 
140.4 
191*4 
148.9 
15.09 
14.44 
18.10 
19.40 
8 8 , H 
21.99 
t t . 1 4 
YAB&l 1*21 
VAI438S Of *AftAft8*S88 208 «HB »IF?1»IQ« OF 0*01, (0 . IN/0. 001R) 
TBftooox OKXOTI AiBnufi NmftA*i AY IO*O 
YIM 
( > » ) 
0*0 
0.5 
1*0 
1.9 
2*o 
8*9 
5.0 
01*0 (0| ) 
(M)s104 
11.3 
12*0 
12.9 
«9*0 
19.9 
14.0 
14*9 
* •¥ • 
(«• ) 
27*2 
29*0 
22*8 
21.0 
19.2 
17.4 
15.0 
9g* 
<»•) 
•2 .7 
82*9 
82.2 
82,0 
ai.9 
sue 
81.5 
^ 
(•T) 
-71*9 
•72*9 
-74.3 
-79*2 
-78.2 
-77.1 
-78.0 
^ i 
( • » * ) 
290.4 
275.5 
294*9 
244.4 
229.4 
211.7 
194.1 
2Q»/8txl07 
(••/•) 
10.41 
10*99 
11*94 
11*92 
12*72 
13.65 
14.79 
tASZft 1.22 
TAWBB or PA&AMSTBBS rot m oirrusxo* or o*ci, (C.IK/O.OOIK) 
tnaooes onxox AftSSAfi WWKAHB AS 19*0 
Hmm 
(kr ) 
0*0 
0*9 
no 
1*9 
2*0 
2.5 
9*0 
mmm (e,) 
(ft)xlO4 
11.1 
11*9 
12*0 
19*0 
19*t 
14*9 
19*0 
" • * • 
( •7) 
27*2 
24*8 
22*8 
19*9 
17*4 
14*9 
14*9 
V 
<«T) 
83.9 
83.< 
83.3 
83.0 
82*8 
82*4 
82.1 
\ 
UT) 
-72*9 
•79.9 
•79*0 
•74.0 
•78*9 
•77*4 
•78*0 
^ 
(oft*) 
288*1 
282*9 
248*8 
237.7 
220*2 
204*4 
190*9 
«Q+/4ts107 
< * * / • ) 
10.72 
11.97 
12*18 
12*42 
19*42 
14.31 
15.84 
TABIDS 1.23 
WEBB* OF PAftAKBTOB FOR THB DIFWMO* OF 8*0*2 (ClH/O.OOlR) 
I8ft0t78K 088X011 AftSRMB KBHmAKl At 10*0 
tl~ 
( » * > 
0*0 
0.3 
no 
1.5 
3*0 
2.9 
9*0 
o» (o,) 
(K)s104 
10.3 
11*9 
12.0 
13*0 
13.3 
14.0 
14.3 
* % 0 
<»9) 
27*4 
24*7 
28*9 
tut 
19.3 
17.4 
19.9 
Bg* 
(•T) 
84.7 
04.3 
49*9 
83. a 
83.0 
62,6 
84,4 
% 
(•?) 
•79*4 
-74.4 
•79*1 
•79*8 
-74 .7 
-78.0 
•78 . « 
*m 
( H i ) 
278*9 
294.9 
238.4 
221.2 
207.2 
194*9 
187*9 
4Q* / * t * i 0 7 
(•«/•) 
11*33 
11.90 
12.49 
15.32 
14*91 
14*89 
19*99 
TABLS 1.24 
7AZC18 OF FAEAKSTttf FOft TBR DXF70SI0B OF OaOLg ( 0 . m/O.OOW) 
fHEOOOH OOIOH ARBKUT1 KBKB&AKB AT 28*0 
fiM 
(to) 
0*0 
0*9 
1*0 
• * § 
8*0 
2*9 
9*0 
OMMI ( 0 | ) 
(«)«104 
10*9 
11*0 
11*8 
•8*9 
19*0 
19*9 
19*8 
* • » • 
(•T) 
27.0 
29*8 
88*8 
88*9 
19*1 
17*4 
14.9 
V 
( • • ) 
84.1 
89*8 
89*4 
88*8 
84*7 
•4*4 
84*2 
K 
( • • ) 
•74*8 
•79.1 
•79*9 
-94*9 
•77*4 
-T0.1 
•78.4 
»m 
( • * » ) 
299*9 
848*0 
889*4 
8 U * 0 
800*1 
189*8 
179*7 
«Q+/ttx10T 
iwm/m) 
12.14 
12*40 
19*90 
44»90 
19*18 
19*88 
14*49 
5C 
ihmm 1,25 
WAmm OF MAKTiaa FOR tin mwmto* OF ox** (o.i«/o.ooiii) 
waooaH oniim A*8I*ATS KSRSLAHI AT 90*0 
f ta« 
( » # ) 
0.0 
0*9 
1*0 
1.3 
2*0 
2.5 
9*0 
OMM (O f) 
0 0 * 1 0 4 
11.0 
11.8 
i t . ? 
13.4 
14*0 
14.4 
15.t 
%Wl 
(«• ) 
24*9 
22.7 
21.1 
14.9 
14.4 
14.8 
13.4 
TAUT18 Of PAEAHBTiaB F08 
V 
UT) 
88.3 
•7*9 
07*9 
84.9 
84.5 
84.1 
85.5 
A M W w 4 
\ 
(•T) 
-79 .0 
•79.9 
-74.3 
•77* t 
-78.1 
-78.7 
-79.0 
»24 
THE BIFF08I09 OF 
7820088 OttXBN ARSgHATB MBXKUV2 At 18*0 
T I M 
( to) 
oww(c1) 
(X)«104 
'ta* 
<»T) 
V 
UT) 
* 
UT) 
« . 
(•*•) 
248.1 
299*7 
224.4 
208.5 
191.2 
182.5 
149.4 
H«Clj (0 
* * 
(8181) 
4Q+/***107 
(•*/•> 
13.08 
13.40 
14.21 
19.09 
14.90 
14.94 
18.04 
• lit/0.00111] 
*Q./4*»10T 
(**/•) 
0.0 
0.9 
no 
t ; » 
2.0 
2.9 
9 .0 
10.5 
11.5 
12.0 
12.9 
12.8 
13.0 
19.3 
48.8 
43.8 
44.8 
83.2 
42.9 
41.1 
40.0 
92.8 
92.2 
91.9 
91*4 
91.4 
91.2 
91.0 
-27*7 
-88.2 
-29.9 
-29 .2 
-29 .8 
-98 .9 
-91.2 
909.7 
297.9 
280.2 
249.2 
249.4 
994*1 
229.1 
11.98 
11*89 
11.99 
13.99 
14.27 
14.94 
19.47 
57 
TABLR 1 .27 
rsjom OF mjKBfns FOB THI DXFFOOIO* or iifeig (O.IK/COCIK) 
THROW! OStXBX AR8WATI HfllSUVB I f 11*0 
f t ~ 
(kr ) 
©•© 
0.9 
UO 
1.5 
2.0 
1*9 
5*0 
08*O ( 0 , ) 
<*)*104 
11.0 
11.5 
12.0 
12.2 
12.8 
19*9 
14.0 
V» 
(»•) 
44.9 
49*4 
44.0 
49*9 
41.T 
40.1 
98.9 
V 
(»• ) 
aa.4 
8S*o 
•7 .0 
87*4 
87*9 
87.0 
•4 .4 
948X8 1, 
* 
(»•> 
«*8*4 
•29.1 
-29.4 
•90.1 
•90.4 
-91*4 
-51.9 
• 1 8 
•A2018 OP FiftAKSTKS FOR fBl DIWUBIOI OF 
THROOQH CttlUK ARSBJUfB KSRMAOT 
t i -
(IMP) 
omm ( 0 | ) 
(»>«18* 
H*» 
(»• ) 
lg*> 
(•T) 
AT 20*0 
\ 
(•T) 
* * 
(ote) 
899*8 
2S3. 5 
179.1 
297.9 
298*0 
222.1 
214.4 
4Q+/4to107 
( » « / • ) 
11.29 
11.91 
12.25 
15.00 
14.11 
19.09 
19.49 
Hcoig (o.m/o.ooiii; 
^ 
<•»»> 
ao+ZAtsio* 
(•«/•) 
0.0 12.0 45.8 91*9 *19*4 191.9 11.00 
0.9 11*9 42.1 90.9 -50.1 272.4 12.80 
1.0 15.t 40.7 90.4 -90.5 194.8 15.51 
1.5 19.7 59.1 90 . t -90*7 «T.< 14.42 
2.0 14.5 98*8 89.8 -51. t 124.4 19.40 
t .5 14*9 97.4 89.4 -91.7 114.7 19*90 
9*0 15.0 59.9 89.1 -98*9 819*9 ff»t 
XAJ&2 U 2 9 
TAIO» or pjuuuunu 10* TM mtiroxov OF «#dj (o.m/o.ooi*) 
9BBO08H G2ftXUK ABfiBXATB XSfiBftAXI AT 09 # 0 
91a* Oi»0 (6! ) I # 1 - 1,+ ^ 1 ^ 4Q+/4**107 
(fcr) («)«104 («T) (»V) («T) (ttte) ( • * / • ) 
0.0 
0«f 
no 
1.5 
2.0 
2.5 
9*o 
12.5 
19.0 
14*0 
19.9 
10.0 
17*0 
10*0 
41*1 
59.1 
57.5 
94.0 
94.4 
99*9 
51.4 
91.0 
90.8 
90.5 
89.9 
89.4 
88*8 
•9*9 
f A U * 1. 
-90*0 
•50.4 
-91*1 
- 9 U 4 
-91*0 
-99*9 
•91*9 
.90 
281.t 
249.4 
040*7 
291*4 
m.9 
109*4 
000*1 
12*90 
19*10 
14*00 
14*90 
19*00 
14*90 
10*00 
TAU>» OF F * U » m B FOE THS BIFFOSIM OF • . O l , (O.t«/0.O0W) 
ntoooB ewaw tuwusn mmmm a jo*e 
n— OMM (O1) i^te i#* ^ 9^ oo^yttsio7 
<taP) (0)*1O4 (»T) (»T) (»T) (ok») ( • * / • ) 
0*0 
0*9 
uo 
1*5 
0*0 
0*9 
9*0 
10*9 
19*0 
14.0 
15.0 
19*0 
1T.0 
17.9 
41.4 
90*4 
97.1 
99*9 
94*1 
52*4 
91*7 
91*9 
94*4 
94*0 
99*0 
90*9 
90*0 
91*9 
-90.9 
-51.1 
-91.9 
•90 .0 
•90*9 
•90*7 
-55 .0 
274.1 
099*9 
097*0 
009*4 
010*0 
000*9 
199*9 
19*10 
14*90 
19.10 
am 
14*89 
17.94 
90*90 
*ABLI 1.51 
7*20*1 07 FAJtAWflRl FOR fBB DirTOXO* OF AlClj (0.W/0.0O1II) 
1B&0008 CMI0J! ARSISATI HOUR AH At 10*0 
timm 
(br) 
0.0 
0.5 
no 
1*9 
1*0 
1*5 
3.0 
OMO (0*) 
(X)x104 
10.9 
10.6 
11.0 
11.5 
11.5 
11.0 
11.0 
" « * • 
(«• ) 
15.S 
13.1 
11*8 
10.0 
9.6 
e.t 
4.9 
V 
<»7) 
02.0 
01.0 
01.0 
61.4 
01.2 
01,0 
60.9 
\ 
(»?) 
•71*7 
-72.9 
•75 .0 
-74.4 
•75.1 
•76.1 
•77.5 
* • 
i*m) 
584.4 
514*9 
294.2 
879.6 
165.4 
894.1 
242.7 
«Q+/it*107 
( • * / • ) 
0.64 
0*99 
9.95 
10.03 
10.55 
10.99 
11.90 
*ABL8 1 .5 t 
YAHJ18 OF FARAJfBtJRO FOR fRl DIFTO8I06 OF AlO^ (0.1H/0.001X) 
THR009H OMIOR ARBBHATI HBKBRAin AT 15*0 
9AM 
C*») 
0.0 
0.5 
no 
1.3 
1.0 
1.5 
9.0 
onao (o1) 
( * ) *10 4 
10.5 
10.7 
11.0 
11.9 
11.5 
11.0 
11.1 
"•to 
(•7) 
14*0 
11.7 
11.9 
10.5 
9*0 
7*4 
3.0 
V 
( • • ) 
91.1 
91*9 
91.0 
fl.T 
91.6 
91.4 
91.1 
\ 
( • • ) 
-72.6 
•75.9 
•74.1 
*!#*• 
•79*7 
•74*7 
«*77*» 
* • 
(ob») 
517.9 
904.5 
100.5 
•95.7 
199.1 
140.1 
857*5 
40»/*ftx107 
<«•/•) 
9.90 
10.31 
10.09 
1U49 
18*11 
18*68 
19*19 
GC 
TABLE 1.33 
TAZBB8 OF PJJUMHTBRB FOS TBI 0XFF08X0* Of AK&, (O*1ft/O*00llt) 
THHOOMI OBal0M AK0VAT1 HStBRAffl AT 20*0 
Ti»t OMO ( 0 ! ) I a b - »#+ \ % OQ^/OftstO7 
(tar) (K)*1©4 (»T) («T) (a?) <•»•) ( « / • ) 
0*0 
0*9 
no 
1*9 
2*0 
2*9 
3.0 
10*3 
10*0 
11.9 
12.0 
12.3 
12.5 
12*0 
13*7 
12.0 
9*0 
7.0 
4.4 
3.4 
4,7 
00.2 
79.9 
79.4 
79»* 
79*1 
78.9 
70.7 
fAUfi 1, 
-73*7 
•74*1 
-74*7 
~73«4 
-74.3 
-77 ,2 
-77,3 
.34 
300.1 
294.4 
202.1 
249*7 
299*2 
241.2 
224.9 
0.97 
9*29 
9.72 
10.19 
10.49 
11.20 
12.10 
TAIOBO OF PARHOTUta FOR THB DIFFU8I0H OF A i d - (0.1H/0.001X) 
THRODoa eaunm Aftanim HOOKAH At 29° c 
f l a t O M « (0|) 1 # % 0 S ^ ^ 2^ 40^/OtolO7 
(k») (X)xl04 (»T) (»•) (a?) (•Mm) (»* / • ) 
MM* 
0.0 
0.9 
no 
u% 
2.0 
2.9 
3*0 
10.9 
11.3 
12.0 
12.3 
12.0 
13.0 
13.3 
1t«3 
9.0 
0.0 
1.4 
4*7 
3.9 
3.0 
00.4 -74.3 299*9 9.29 
79.7 -74.4 207*9 9*94 
79*4 •Tf.2 273*2 10*02 
IKT ^ r wr.T mw 
70.9 -4P7.1 249.2 11.20 
9-Wf «§&§ 299.9 11*92 
70.4 -00*0 §19*4 19*94 
Gi 
fABX* 1.33 
•AX0B8 OF FARAHITiaB FOB THB VXFF08X0* OF AlClj (0.1M/O.OOIJI) 
THROVOH CBUTO1I ARBKBATB MBfHU*K At ^0*0 
( t o ) ( f t )s tO 4 (ml) imT) (»T) (•!») (»*/•) 
0*0 
0*5 
1*0 
1*5 
f«0 
2.3 
3.0 
10.5 
11.3 
12*0 
12.5 
13.0 
15.9 
13.5 
11.9 
9.9 
7.4 
9*9 
3.« 
2.4 
1.5 
81.0 
00*7 
80.0 
79.4 
79.1 
78*9 
78.7 
•74.7 
-79.9 
-79 .9 
-76.9 
-77.8 
-78.4 
-78.9 
288.9 
274.7 
289.2 
293. « 
241.4 
227.9 
212.9 
9. « • 
10.09 
10.40 
10.80 
11.31 
11.99 
12.7« 
Li >~ 
f A l i * 1.34 
r*ww OF x a w u r a POTBWTIAI. ^ , RSKMAXB BB8X69A*OI i^ 
AK> DIFFOTIOI l A t l 4Q^/dt OF TAEIOOT ILBCtROLTTiB At THB 
U S OF 1^ • * fWOP A? DZFFSUnrt TWBPlRATOmW THROUOH 
OBUQX PKOWHAfl MHOR AVB 
• 0 
(±p.i*o) <«7) 
6Q»/ifSl07 
2*01 
L1C1 
10 
I f 
20 
25 
5© 
10 
15 
20 
29 
50 
10 
1f 
10 
I f 
90 
-24.4 
•21 .0 
•19*2 
-15.9 
-12.4 
•40.4 
-55.0 
-29.4 
-24.7 
•21.5 
-45.5 
-39.4 
~s6*t 
-32.2 
-51.1 
204.2 
175.0 
157.0 
132.4 
120.7 
250.6 
199.0 
140.1 
159.2 
150.3 
554.9 
200,6 
2W.4 
230.2 
190,2 
21.10 
27.17 
50.00 
54.72 
59.14 
13.04 
17.09 
20.97 
24.01 
20.71 
11.02 
15.71 
15.00 
10.05 
19.10 
0 
TABU t .50 —« 
U#4ftV92jrt#9 
* 
0«OXj 
* • » * 
AlOl-
•«* OMftO. 
f t«9 •© 
( * M « 0 ) 
10 
15 
to 
i f 
50 
to 
15 
to 
25 
50 
to 
15 
ao 
15 
50 
to 
t f 
•0 
15 
50 
*m 
(•*) 
-77 .6 
-70.5 
- 7 t . 4 
-45.5 
-45.5 
—04.9 
-79. t 
- 7 t . 5 
-07.5 
-65.6 
-56*1 
•40*0 
-42.6 
-55.5 
-52 . t 
-09.9 
-O0.5 
-03.9 
-70.0 
-72.4 
* * 
( • to) 
195.3 
m.o 
168.5 
156.6 
150.5 
2t9.7 
t97.2 
169.3 
139.3 
t3 t .5 
259.5 
229.5 
100.5 
t52.2 
t55.5 
220,0 
251.5 
227.4 
2t0.5 
100.5 
«Q+/0tst07 
(•«/•) 
14.41 
16.19 
10.94 
22,40 
20.04 
12.76 
14.27 
16.02 
20.11 
23.50 
12.9 
14.4 
t7 . t 
20*5 
2U9 
10.40 
11.05 
11.96 
11.62 
13.44 
TABU 1.57 G l 
VAUJBS OF PARAKBTBaS FOR fifj? PIFF08I0H OP MOHOVALWHT, 
DITA1WT AHD TRIYALSMT BIBCTBOITTBS AT 1R1 0 D Of l | hr 
PBRIOD TRROOOH CIRIXm AB8BBATS KBJORA&B At 29*0 
? • » » * • » COM ( C , ) 8 ^ 8#«. B^ i^ Sxto* 
(H)*1©4 («T) («T) («T) («ta) <«• / • ) 
IOX 59.5 95.9 96.8 12*8 109.2 9*06 
1*01 25.0 102.9 99.7 10*1 214*8 2.69 
MCI 29.9 99*1 87*8 4.7 246*8 2*14 
B^Jlj 15.0 9*1 99*4 -86 .0 177*7 2*19 
CaOlg 12*9 20*7 89*0 -76.5 214*8 1*84 
VgOg 19*9 98*0 89*9 -91*4 291*4 1*71 
A i d , 12*9 6*6 79*2 -87 .2 261*9 1.19 
TABU 1*98 
• A i m Of PARAHBTtti FOR THI DIFF08XOB OF HOSOYAliSVT, 
DXTAUKT AXV TAIYALBHT ILBCW0LY7BS AT THI BSD OF 1^ h* 
FBttXOP THROPOH OBBIPK AttBBBATB HBMBRAW1 AT 29jp*1*0 
f i m i U f f OMM ( 8 | ) B # k f B#* 1^ B^ P K 1 0 8 
(X)x104 CMT) (••) (»•) (ok.) ( • / • ) 
BBX 
• f t d 
1808 
M , 
BBjQt* 
••ML, 
4*qn 
96*0 
49*0 
27.8 
19.8 
29*0 
40*9 
18.9 
69*6 
90*8 
96*9 
72*9 
--ff»#- * • • • 
27.6 
19.4 
46*1 
-18*1 
98*0 
78.8 
79.6 
77.0 
-19.9 
-24.7 
«01*t 
-69.5 
-8?*9 
-99.4 
-78.5 
192*4 
199*2 
290*9 
199.6 
198*9 
192*2 
210*9 
4*98 
2*84 
* • « 
2.97 
2*98 
2*98 
1*89 
Whaa an ioaia «rai iast i s aaiataiaad maiaa; t i f f « r « 
•a t aaaaaatratiaaa of a laatro l / ta aalatioa* aa al thar 
aIda a f tha aaaaraaa, tha aabila apaaiaa aaaatrata tha 
aaaaraaa aad TaJPiaaa traaaaart phaaaaajaa ara iaa^ aaaa* inta 
tha ayataa* fha thaaratlaal aapraaahaa mala ta daaarlaa 
tfcaaa ahaaaaiwa ara oftaa traatad uadar tha haadai ( i ) tha 
ldaaliaad thaarr af Taarall-Jiayar-SiaTara aad i t a rafima* 
aaata, ( i i ) tha aaaaia tharaadpaaaift aapraaah dna ta 
a f l r rararala la araaaaaaa» aad ( i i i ) a kiaat la appraaah 
aaaad an tha thaarr 9t aaaalata raaatiaa rataa* l a addi-
tiam ta thaaa traataaata daa ta tha aaaplaxitr pt aaaaraaa 
atraatara aad i t a faaotiaa, rariaaa aathaaatlaally rlgraaa 
aajiatiaaa aaaad aa aaaaraaa thaaratiaal daaariptiaa* hara 
aaaa darivad* Saaatiaaa a*a9 l i ttXaaaraar (96) daralapad 
tha faXlavia* aqmatioa far tha dlffaaioa rata af iona 
thrauffc a aarriar fraa tha aiapla laaa a f alaatralyaia aad 
mtiliaad i t far tha iaraatigatiaa a f traaapart paraaatara 
i a paljrriar&amtrral 
(1 .3) 
Q* i a tha a H H a t a i r a l a a t a f aat i ia di f faaiac i a 
tlaa t m » v X+ m t . art U i aatloaia oa* onlaalo 
T i l n t l M , roopoatlvoljt i ^ lo M M n i l i t t n t t l a aka af 
taa aaatroaa, *^ ! • tea aoafcraao potoatlal la aHUvol to , 
a, oaa a» a*a taa aatlTltloa of taa tve oolatloaa aa 
olthar al ia af taa aoataaaOf R» ff oaa 7 aava tholr aaaal 
oltmifioonoo. 
H i aavn 
is taa aatloa traaapart aaaaor asaaaaaoa l a toxao af t^ 
v i ta oolatloa oatlrltioa a1 M i a^ aaaooat aa olthor alia 
af taa aaafcroaa sad taa H f i 
i s taa offootivo potoatlal oat la* •» taa oatloa* 
Haatlfta 1.3 waa uooa to oaloalato taa alffaalaa 
rata • * * • » • ttoraagh taa aoaaroaoo. For l i t •lootralytoo 
(t+ m g^m f ) oqoatlaa t ,3 • • • • • • • 
(1.4) 
far t i l oloatraljrto, (t^ • ! , ! . • 1 ) , oaaatloa I .J ! • • • • • • 
C' 
^ ' ' J 59.U i»«U ,f i 
<«•§) 
and for Jit alaetrolyta, (2+ - 3t 2_ - 1), aoaatlaa 1*3 
40+ i *Q- « 0~f ~ *L 
i r - ? i r - i * : *9«7* ** o f - ^ * aaf:+1 
Zm Tabloa 1.1-1.3B ara giran, taa oonoaatration of 
tha alaotrolyta on ttoo dlluta solution old* at rarloua intar-
n i l of tiaoa In taa prooots of diffaaloa end th» oorroa* 
pond in** valuta of rartoua tran*port paraaatora appearing 
la aquation 1,3. namely, J^i H .^ I • and taa ©output ad 
dlffuaion rat* dQ^/dt. Tha raluaa of a^ * i^ and dQ /^dt 
ara alao plotted as a fanatioa of tin* la Ttga, 1.2-1*7 
and for taa aaroaaa of ooapariaon theee paraaatora for 
different eleatrelytea ara alao aaeva la Fife. 1.8 and 1.9. 
Tka aotttoao* far aamara&a reeietaaoe S^ far tha taa 
neaaraaaa at aay ffcram t laa far taa a l k a l i aata l ioaa 
L i * l a * t*t far alfcaltaa earta aa ta l laaa vaa Ha** 
0a** > Ba2* aad far alaatalaa i t vaa a l jaoat . Taia 
aaqaaaaa rafara to taa faat that taara ara vary fan aoloaa 
cc 
la taa asabrana phaset and so la both tha easts, taa 
currant carrying speelee are the cations. The charge 
on taa Ion has a very big effect on taa mobility of taa 
lona la taa aeabranes, AS taa charge on tha oounterlone 
la increased, taa aeabrane resistance lnereeess. Tale 
may be ascribed to tha increase la taa loa asaoelation 
with taa aeabrane exchange grease, This la la agreeaent 
vita taa fladings of Saereaaaayaa and Lakehainarayaaalah 
(59) and Oregor and eo-vorkere (60) far tha AHF C-10J 
membrane aad those of Bog aad oo-vorkere for parchment 
supported aeabraaee (49-52), 
The values of B^  decreases irlth tlaa though almost 
to a negligible extent. Taa change la B^  any ba attributed 
to tho changes prodaeed in tha ooaaaatratlaa of electro* 
lyta solutions daring the diffusion time. The membrane 
potoatial sequenoe for alkali aetal loaa aaa K* Ma*" LI* 
aad for multivalent aatloaa It vee U 5 * Ba2* Ca2* ****• 
This sequence of membrane potential point towards tha faat 
that multivalent loaa ara aora etroagly adaorbsd oa taa 
aaabraaa ska Is ton thaa aalvelent loaa aad that alnmletna 
sola* aoat strongly adsorbs* (61,42), 
Paroaasat paper, oxaept far taa eroesaea of soma 
stray aad eat eerbexyl greaee, aaatalaa vary faa fixed 
greupe. Dopasitloa af laergaale praalpltatss give rlaa 
0 2 
Time (h r. ) 
3 
] 2 Plots Of Membrane Potential, EmfmV J Again st 
Time ( h r. ) F o r KCl Electrolyte Through Cerium 
Arsenate Membrane At Different Temperatures 
260 
E 
o 
2 4 0 
8 220 
o 
c 
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D 
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H 0 
0 2 
Time (hr.) 
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Fig. I. 3 Plots Of Me mbrane Resistance, R
 m ( oh m) 
Against Ti me ( hr.) ForKCI E I ec troiyte Through 
Cerium Arsenate Membrone At Different Temperotures 
0 
Time (hr.) 
Fig. : 4 Plots 0 f DiffUSr'o'n Rate
 f dQ */d t,( mM/5 J Against 
Time (hr ) For KCl Electrolyte ThrrUch Cpriu.r. a r i f n o 
Memtrcne At Different Te m p e r otu r e^ 
CO 
to a not aoaattvo ohargo on tho aoabrano turf AM la tho 
oaoo of diluto solution* of 1t1 olootrolytoo (ao domono-
tratod in tho most ohaptor) loading to tho typo of lonlo 
distribution aosooiatod with tho olootrlool doublo layor. 
Bj tho uoo of ooaoontratod 1t1 olootrolytoo or any oon~ 
oontratlon of 2t1 or 3i1 olootrolytoo thoro wi l l bo a 
tondonoy of oatlono to aoouaulato on tho solution olio 
of olootrloal doublo layor and loaroo a not pooitiro 
ohargo on tho aoabrano surfaoo. This typo of ohargo 
rovoroal lo not poouliar to thooo oystono* Booonborg 
ot al . (€3) found la tho oaoo of thoriua eountorlons 
nogatiro olootroooaotlo transport of vator* Tho Ion 
van oo strongly adoorbod on a oation oxohaago aoabrano 
that i t ooaforrod anion ooloetivlty to tho aoabrano 
and thao vator vao tranoforrod la tho oppoolto direction. 
Similarly Sohuls (64) found* In tho oaoo of oodlua phoo-
phato9 adaorption of tho dlphoophato anion on tho 
ourfaoo of tho anion oxohaago aoabrano, pornplox A*IOC. 
This rovorood tho ohargo on tho aoabrano and aloo tao 
dirootioa of vator flow* 
Tho ralaoo of diffaoloa rata dQ /^dt for mrlomo 
oatlono voro oaloulatod fron tho prodotoralnod ralnos 
of aoabraao potontial 1^ and •—brass rooiotanoo a ^ 
/ 0 
65 
-90 
( / - i, ) 
° 5 
o NaCI 
M g C / o 
CaC l2 
Ba Cl2 
3 
Time ( h r.) 
Fi'g , / .5 Ptots Of Membrane Potenfiol, Em (m V ) Again 
Time (hr.) For Different EIec t r ol v t es Through 
Cenum Arsenate Membrane At 25 t 0 1° C 
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Fig I i Plots Of Membrane Resistance Rm (ohm) 
A g o i n st Time (h r ) For Different Electrolytes 
Through Cerium Arsenate Membrane At 2 5 t 0J C 
V) 
o 
•t-
Cr 
O 
c 
o 
Time ( h r. j 
rig. I 7 Plots Of Diffusion Rate , <JQ +/dt (m M/s J 
Agamt Time ( hr.j For Different Electrolytes 
Th rough C eriu m Arsenate Mem b rane At 2 5 ± 0 l°C 
7 r 
aolna oaaatloaa 1«4~1.o. fno i l f f a a l a a of olaotralrtoo 
t h r o a t tao aoabrano lo olowor thoa l a froo oolutloa* 
Thlo a«y bo 4u« to vorlaaa roaoono, noaolyt (1) AT t l l * -
o l l l t y a f oaly * part of froaovork far fraa dlffuoioa, 
(2) laafor dlffuoioa pallia duo to aoabrano tortuooltjr, 
(5) ratordotloa a f largo hydr&ted lona i n tho aarrov 
aooh rogloa of too fraooaork and (4) tha latoraotloa 
a f tho d l f faa la* opooloa with the fiacaa groapo of tha 
aaaaroao aat r lx . Tho dlffuolon rata ooqaoaoo of oationa 
t h r o a t tao aoabrano aao 1 * »a* U * ma Ba2* H*** 
Ca*4, a l • fhlo dlffuoloa rata aaoaaaeo aa tho 
aaalo of Ilooaaon-Shorry aodol of aoabrano aalaat lT l t r 
(o5#ia) point tovardo tho voafc f lo ld otrongth of aaar** 
groupo attached to the aoabrano okolotaa, ttila lo l a 
a«vooaaat with oar rooalto of ehar#o donoity dotoralaa-
tloao (next chapter). 
The ayotoa under lareet l ia t loa aar than aa 
aoaaldorod aa aar la* ohartal capil lary otraataroa or 
«ola vhloa aaa bo Jmajoa l a tao l l«h t a f olaaalaal 
f lxea ohar«a theory • * *»orol l ( 1 2 ) , Mayor aad Blorara 
(15)» Sellner (11)
 t t r a * * * (a t ) end MttaMt (10) e tc . 
Maa a f olootrolyto by elffuelea boaaaao of tho praoonao 
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Fig. 1.9 Comparative Values Of Membrane Potential} 
Em ( m V ) ) M em b ro ne Resistance, R m ( o h m ) 
And Diffusion Ro te, d Q * / d t (mM/S) of Vorious 
Cations Across Cerium Phosphate Membrane 
At 2 53C 
of a not ehargo («*ro or -wro) on tho aoabrano gtroo rloo 
to aoaorsao potential oo oppooed to the liquid juaotloa 
potential ordinarily observed under olmllar eeadltions 
la tho abseas* of tho aoabrano* whloh regulate* tho flow 
of eleetrolyte by laereaelng tho epeed of slow soring 
lomo and by desreasiag tho opood of tho factor aorta* 
Membrane poreolty ia relatioa to tho olso of 
tho opeoiee (hydrated) flowing through the aoaarane 
OOOBO to detemlae tho aaewo seouenee* Although tho 
olso of tho hydrated electrolytes aro not known with 
eertalnty, thoro aro a fov tabulation* (6©,69) of tho 
auaber of aoloo of water aesoelated with ooao eleetrolytee* 
However, la Pig, 1*10 a plot of diffusion rat*, dQ+/dt 
of dlfforoat olootrolytos (ohlorldoo) against free 
oaorgy of hydration of oatloao (70) is given for both 
tho aeabranea. It is sooa that diffusion rata dooroasos 
vith laoroaslag hydratloa energy, that is, groator olso 
duo to iasvsaso la hydratloa. This polato to tho fast 
that the olootrolyto is diffusing alsag tho poros or 
oaoaaolo of dlaeaslone adeeaate oatagh to allow tho oubo-
toaoo to poaotrato tho aoabraao. las stats of hydratloa 
! 
3 6 \-
0 
? • Cerium A rs e n ate 
O Cerium Phosphate 
500 1000 1S00 
A F hyd (K Cal /Vol; 
Fig t. 10 Plots Of Diffusion Rate , d QVdt X 10 7, (m M /S ) For 
Various Etec trotyte^ ( Chtortde) Through ( • jCerium 
Arsenate and (oj C e ri urn Ph osphate Me mbr a ne vs. 
Free Energy (AF*) Of Hydrat i o n ( KQo {/ M o I ) Of 
Corresponding Cation At 2S°C 
of the penetrating electrolyte aay b* considered to exist 
IK a dynoBle eoadltloB • • that «t hither toftperataroa 
oonolderably higher fraotloa9 f t of the total msber of ft 
given kind weald tooeeeo esoeoe energy B aeeordlng to 
the BeltOBonn dletributlon f - •" l / R T (ft lo the con 
ooaataat)* Under those elronmetaneee, thooo lonlo epeoleo 
vhleh have loot ouffieient voter of hydration to bo analler 
than tho oloo of tho pore vomit enter tho aoBbraae* In 
thio vay tho permeability would lnoreaae irlth iaoroooo im 
temperature* ambjeet* hovever, to tho provieo that tho 
membrane hoo undergone no lrrevereible ohange in l to 
etrueturo, that no ouoh etvaotaval ohange lo Involved to 
evident from tho linoar plot* of log dQ+/dt vereue (1/T) 
given la Fige. 1.H and t.12. fho elope of thooo llaoo 
vhleh lo o%ual to 1^/2.303R glvea the activation energy 
I required for tho diffusion proeeee. The valuta of B 
00 derived are give* la fable* W39 and 1.40. 
The dlffttftloa rate dQ^dt lo related to dlffm* 
eion ooefflelent S (om/000) ay tho rolatloa 
i • tQ+/at z %tT*/3m€ kf\Q O»T) 
vhore A lo tho membrane aroa (S4*4 on1) amd 0 lo tho 
dlfforoaoe la tho electrolyte ataaoat»atlam exlotimc aaroaa 
tho aoaai ano Blaoo area #f membraae amd ooaooBUoUum 
dlfforonoo of tho eleetrolyvoa ave ovmoteat, therefore 
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TABLE 1 .39 
SXPSKIHSKTAL ACTIVATION KNEROY l f t AI3> OTHRR THURKODYHAKXC 
^AU*STK2£ CAI£ULAT2D mai l T&AKSITXOfl STATE THEORY OF SAT? 
PROCWrW POR CBRZUM AR8ISAYS MBKmAlTB AT 2 $ £ p . 1 * e 
P«r«Mt**« » f c A H * Af1* AS*1 
(Seal mim%) ( K M I Mil*1) (K«a *»l"1) (••*.) 
&l»etroXyt« 
KCI 
B»01. 
Ma 
8 * 0 ^ 
0*0X3 
1116X2 
AlOl, 
3.4© 
3.28 
3.01 
3.81 
2.19 
2.08 
1.36 
2.80 
2.88 
2.42 
3.21 
1.59 
1.48 
0.76 
9.93 
10.01 
10.14 
10.13 
10.29 
10.27 
10.48 
-23.91 
-24.39 
-29.90 
—23.22 
-29.18 
-29.48 
-92.60 
rum PU». 1.13-1.15 
TABUS 1*40 
BXPKRXKWYAL ACTITATIOK ENWtOT Bft AHD OTHER THIRMODYHAKie 
PARAMKTHlS OALCULATSD IROH TRAHSITIOB STATS TH80ST OF RATI 
PR0CBSSB8 TOR 01RIUM PH08PHATS MWttftANB AT 25*P.1*0 
P i f i M t t r t l a ABT A t * A«r 
(Iflftl H»l~1) (KmX N i l* 1 ) <E«ml BWf 1) ( • •*• ) 
lax 
SaCX 
uea 
Bad-
0*CX~ 
Kfffi^ 
AICX3 
6.54 
5.59 
4.14 
5.78 
5.14 
4.42 
3.02 
5.74 
4.99 
4.08 
5.16 
4.94 
3.82 
2.42 
9.87 
9.92 
10.13 
9.98 
10.03 
10.02 
10.30 
-14.72 
-16.52 
-18.75 
-16.10 
-18.40 
•20.80 
•26.44 
T14» f l f » . 1.13-1.15 
t i o proportional to d ^ d t ao& tauo the slop* of XiMtf 
plots of log 5 roroufl (1/T) and of log da^/dt rorouo (1/T) 
w i l l bo OHM* Oonooquontly tho ralaoo of Bft doriYod fro* 
tho two proooduroo w i l l bo oquoJU 
Tho thoory of oboolnto roaotloa ratoo (71) hoo 
boom appllod to diffusion prooooooo im aoabranoo by 
oororol lavootlgators (71-75). iooording to Zvollnokl 
ot ml. (71) *• fcoro 
% m >2 (KT/dh) oxp -A?*/R* CUB) 
vaoro X lo aoltamaan oonotant, d io aoabrano thlokaooo, 
b io Piano* oonotant, and > io arorago dlotanoo botvoon 
oqulllbrlua position i s tho prooooo of diffusion* A W 
l o tho froo onorgy of activation for diffusion and lo 
rolatod to enthalpy of aotlvatlonAH% and ontropy of 
aotlTatlonAS^ of diffusion by tho Qibbo-Holaholto 
aquation 
A l * - AH* - T^B1* (1 .9) 
A r io rolotod to irrhonlus onorgy of oet lrotloa i f t by 
tho aquation 
A H ^ . l ^ M (1.10) 
A* tho ralaoo of tho aoabrano thlokaooo d9 tho anlToroal 
oonotant h, oat tho gao ooaotant E aro known, too valnos 
• f AH^.AI^, aad A f 4 oaa bo oaloulato* ororlaod tho 
valoe of / v i i aaoaa. iL££*r*a% iavesfci&fctare ;71~74»76) 
have OM4 value of A r«a«ina from 1-5 A0. In thia work 
a value of 1A° has been used la the oaloalatlona, and 
tha value* of different thermodynaalQ parameter*, *o 
derived, for both tho aembranoo and varlome elaetrolyt** 
aro glvan la Tablaa 1.39 and 1*40* Far purpoaa of aoaparl-
aon. In fablo 1.41 ara given the valnea «f A r detarnlned 
by rarioaa lnveetigatore for a •artoty of aambraaes and 
diffusing: oyatoma* 
Tho valuee of A 8* (aao Tabla 1.41) aro either poai-
tiva or negative for mambranea. Thara ara a fair valuee 
vhloh aro eloao to aero and oorreepond to liquid eystams* 
According to Byrlng and ooaorfcara (71#7t) tha valueo of 
A 3 ' ladlaato tha maehanis* of flow, larga positive A sr 
i s interpreted to roflaot breakage of bonds9 while loir 
ralueo lndloato that permeation haa takan plaoa irlthout 
breaking bonds. The negative A 8* value© ara oonoidered 
to ladlaato althar formation of oovalent bond between 
tha peraaatlng apaolaa and tha meabrano material or that 
tha permeation through tho aaabrana aay not bo tha rate 
determining atop. OB tha oentrary* Barrar (74, 77t7t) 
has daroloped tho m i i f l of •loo* o*Mv*tiem* as* aaallaa 
It to tho paraoatioa of aaaoa thromjh peljra«r •aaaranoa. 
Aoeordlng to thia aoao hypathoels, a high Aa^9 ahloh has 
TABU 1.41 
gSiSftflODIHABtC PARAKOT1MBAB* FOR PKIKKATZO* OF VARIOUS SUBS-
TAIOtt THROOOH DIFPHRKB? iYtfUf l l* 
DifffealOB • ] * * • • 
•pcclca 
Btttoropjr factor 
(••*•) •mot 
V2 3 *2 
Maaaltol 
"a 
"2 
AT 
mm 
AT 
*2 
"2 
A* 
«2 
AT 
Hrthyl *X«oli»l 
®2 
v«t«r 
Bnt»iA»m»->«ryloai%rlX> 
»*thyla»thaaryl*t« 
B*t**i*B«-
lirtftdltao-poljratjrraM 
(fkttft) 
11.0 
1.4 
1.4 
1.0 
0.4 
2*6 
182.0 
150*0 
150.0 
95.0 
24.0 
53.0 
74.0 
215.0 
1«5.0 
150.0 
1.5 
Siliooa 
0.07 
0.«5 
9.5 
1.5 
72a1 1.5 
0 
- 5 . « 
4.1 ) 75»* 
16.0 ) 
U . 7 } 
15.5 
\ 
15.4 I 1*?• J 74* 
7.0 
9.5 
12.4 
1 i .7 
U . t 
19.5 
•5.4 
• w l K M 0.05 - 5 . 0 
-4 .9 
•5.1 
77 
TABJ-8 1 .41 ©OAtd. 
DlffMloa mjmfm 
Dlfffcaln* naitM 
0P*ftl0* « • • * • • 
H a 
H« 
duorocw 
Z*«%*M 
Ranaltol 
RafflaoM 
ft90 (aueroM) 
* aolatioa 
»2° 
(•adoawoala) 
PTOplonaald* 
Bat/ranlA* 
Soa-alaetra* 
(Olyoarol, 
Olyoel an* 
thldvra*) 
81a#« M i l r i M 
0X4MM MSlV«&« 
0»Ua41oa • M l r i n i 
OoU»4i0ft mm\temxm 
OolloAloa • •» !* •» • 
Oollocloa awataraa* 
Oollotioa mamtoran* 
itotropy factor 
4.0*i0~* 
4.0*1©~* 
f»f«IO^ 
4.3»t©~2 
8.1*1©-5 
4k 2.4*1 ©~* 
I k U t i l C * 2 
Lipid bilaywr -
• M t e i M 5*5x10 (oxlaisaa ehalaatarol) 
Arbaala •MP (isftfartllls«6) 
Arbaala agga (tittfartllliaa) 
Arbaaia •*&« ( lmfortl l iMa) 
14*4*1Cr 
mm 
26.9*10* 
12.1*10* 
Q»rjr%fa*oeyta aavbraaa 7.7 
-17.1 ) 
•17.t j 
-22 ,2 ) 
-f«.e J 
-23 .4 ) 
-19.1 5 
-21 .8 5 
-15 .8 ) 
3.16* 
34.0 ] 
) 
40.0 ) 
3 .7 ) 
73 
80 
m 
71 d 
75* 
a~ All m s l H oorr—gaada *• A • 31° ami*** atMrvia* aota* 1 
• - > - U ° | a- > - 1©~15 «•*§ *- * « 3A*. 
boon oorrolatod with high oaorgjr of aotlvatloa for diffu-
sion, aoaaa oithor tho oxiotonoo of a largo aoao of aoti~ 
ration or tho rovoroiblo looeonlng of aoro ohala oogaoato 
of tho aoabrano. A lowASr, thorn aoaaa oithor o anall 
aoao of motivation or no loooonlng of tho aoabraao otrao-
turo oa poraoatloa* Xa Tiow of thooo difforoaooo la tho 
latorprotatioa of S^, Bhullor ot al« (73) one found 
aogatlwo S^ rtOuoo for augar poraaatloa through oollodloa 
aoabraaoa, haro atato* that "it would probably bo oorroot 
to iatorprot tho aaall aogatlro ralaoo of A a* noohaaloally 
ao lntorotlt lal poraoattoa of tho aoabraao (atnlana ohala 
loooonlng) with partial iaaoblUaatioa ia tho aoabraao 
phaoo (oaall aoao of diaordor}** Oa tho othor hand, Tien 
aad Ting (76) who found aogatlvo AS* waluoa for tho por-
aoatloa of vator through wary thin (50 A° thlokaoao) 
bilaror aoabraaoa, otroeood tho poealblUty that tho aoa-
braao nay not bo tho rato-dotoralaiag atop* Baao* oa 
additional oxporlaoatal data, thoy oaao to tho oonolaoion 
that tho •olntlen-aonbraao intorfaoo woo tho rato-dotor-
alalag atop for poraoatloa* Tho rooulta roportod horo 
(aoo Tabloo 1.39 aad 1.40) iadloato that olootrolrto 
poraoatloa giro* ri»o to aagatlwo ralaoo for A r . fao 
•aluoo of AS*1 for both tho aoabraaoa show a oiallar 
boharloar for diffaroat olootrolytoo. It la la goaoral 
found that ao tho raloaoo af tho ladlvldual loa i s laoroaood. 
tha d«cr«mB« in tha valua af \ f r la anhaaaaa* Slnaa the 
MBtoanM used la thia study ara fa ir ly thiek and that 
tha olaatrlaal doubla layar ohangaa i t s eharaetariatia* 
l a ooataat v i t a different e leetrolytea , I t la believed 
that the aeahrane alea* with tha eolation aaabrane later* 
faeeB controlled tha oleotrolyte permeation prooeae. Tha 
u 
negative valnee »f 8 r , therefore, m ea£geeted ay Shullar 
• t a l (79) indicate e lectrolyte peraeatloa v l th partial 
lnaobillaation la tha nenbrane, tha part ia l Immobility 
lnaraaaaa l a a re lat ive manner with inereaee l a tha 
ralanaa of tha ion» eonatltutlne tha electrolyte* 
l a f lap. 1*13-1.15 tha individual loala dietribution 
to tha property of aqueoue lone givea by Noyaa (79)» naoaly 
^lydratioa* 'hydration* hydration o f ** • ** • * 
aa wall aa thoee of Ba2*, Ca2* and Kg2"" aro plottad again** 
tha oorreepending jf
 % r and w valuee for diffusion 
through tha aaahranao. I t la fonad that at laaat eoae 
foraal ralatloaohlp azlato batwaan thasa tharaodynavio 
parenetere, valah eoaeeenently eupporte tha ebeolute 
raaatloa rata approaah far tha laveetlantloa of tha oya 
under etudy. 
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CHAPTKR IX 
CTAfrW P m i T T PgTBftfilgftTiVB 
ttaoa a aoabraao Is iatorpoooa botvooa two solution*, 
oa olaotrio potoatlal dlfforonoo la oboorvod valofc dopoado 
oa tho aaturo of tao aoabraao and tao loao proooat ia tao 
oolatloa* Tho aooaanloa whoroby thio potoatlal ariooo la 
• t i l l ia dioputo. Boa* oonoldor I t to bo elaply a ooaao* 
qaoaoo of dlfforoatlal laakago of loaa oallo othore ouggtot 
tho potoatlal to bo oa odoorptloa potoatlal (1). fhoro aro 
ooYorml otaor way* la vaioa a potoatlal might arioo aevooo 
tao aoabroao. 
Tho thoory of tho orlgia of aoabraao potontiol 
boglas with tao solutions of tao flax oquatloao for liquid 
juaotloa by Plane* ond Boraot (2)* It vao f irst appliod 
to oonlpomoablo aoabranoo by Tooroll (J) sad by Mayor ond 
SioToro (4) by iaoladiag tao offoato of Doaaoa oqalUbrla 
at tao aoabrano-oolntioa latorfaoos and ooaoldoria* tao 
aoabrano lattloo to poooooo fizod oaarfo* Too thoory, 
altaaaojh quite basle, im e t l l l retarded oa tao aoot pertl-
aoat •tertlac poiat for tao lartotlcotlom af tao ootaal 
aooaaalaas of tao ioalo or aoleealar prooooaoo oaleh ooour 
la tao aoabroao paaao. Several etaer taoorotloal approoeaee 
hate booa aado to oaloalato tho potoatlal eereee tho noa» 
8f; 
bran* aaparatia* alaatrolyta oolwtioaa, Thaaa emn ba 
roughly elaaalflad lata thrao oatajjoriaa baaad oa tha 
natura of tha float aquation* uaad in tha traataaatt ( t ) 
thaorlaa baaad on l*raat-*Pla»ek flux aquatic* and i t s 
raflaaaanta, ( i i ) thaorios that uaa tha priaatalaa af 
paaudatharaoatatla aad iirararaiala thana«ynamiaav aft* 
( i i i ) thaariaa that ara haaad on tha oonaaata af tha ahaa-
luta rata proaaaaaa. Thaaa thaariaa h«ra aoaa aaaaoa 
faaturaa and ara aoaoidarad to aupplaaant ana aaothar, 
althou4*h, dapaadia* on tha ayataa uadar lnraatlgation, 
ana particular appraaah nay provo aora auitabl*. 
la thla ahaptar* tha aralu&tioa of tharaodjnaw 1 aally 
affaatlva fixad aharga danalty of aaabranaa (parahnant 
aupportad aaabraitaa of oarlvat phoaphata* araanata, aolyb-
data
 9 aarboaata and aulphlda), vhlah in an important 
eharaatariatia goYarain* tha aaaferana phaaaaaaa9 ara daa-
arlbad, Ota aathoda uaad for tha dataralaatlon of eharga 
daaaitiaa ara haaad oa tea aquation* for aaaaraaa potantlal 
daralopad raoantly by Kaaataka at al* (S,«) and Taaaka at 
a l . (7,9) ut i l ia iac tha priaaiplaa of irrararaiala thorae* 
dyaamiaa and tha vidaiy uaad and aaaarally aaaaptad aquatlaa 
• f faoralX.Hayor aad Slavara (3 f 4) . 
r. r 
Parohaont oupportad aonbranoo of oorim phoaphato, 
aroomato, nolybdato, oarbonato and oulphido woro proparod 
by tho nothod of lntoraotlon ontgootod by Bo* and eo-
worker* (9*11) and alao dooarlbod la Chaptor X# Tho aon-
branoo novo oat into otrotilar dioe fom of radio* 1.5 «• 
and olampod botvoon two oyllndrioal half M i l t of oapaolty 
50 s i oaeh* Tho •lootroohonloal ooll of tho typo 
Sataratod { Solution ! Hoabraao ] Solution ! Saturated 
ealoaol \
 ln \ \ I te» \ t •al«a\ol 
•lootrodo J < V | J l V ! olootvodo 
uood to aoaouro tho aoabrano potential* A tonfold 
dlfforonoo in oonoontratloa, ^Ci m 1 0 # °* t b * o h l o P l d # " 
of lithium, oodlua, and potaaaiua aorona tho aonbranoo van 
maintained, Tho whole oall aaeeably vao lameraed in a 
vator themoetat at 25 i 0.1* C, Tho eolation* in both tho 
ohaabere onto otirred by o pair of aagaetie stirrers* Tho 
•avians oalt eolation* were prepared from AR credo eheml-
oalo (BDH, India) and doioniood vator* 
emaperted nonbrenos of eerie* pneeanate* eelybdate, 
arsenate, oarbonato and omlpaldo eeparetlno* different 
eoneaatratloaa of t i t alaatrolytaa (alkali natal ahlarida) 
ara giwaa la Tabic 2.1 and ara aOao plottad for oonparleon 
la 7%c». 2#t (a-4) aa a faaatloa of oon cant rat ion. 
Tha ralase of aaahraaa potential ara aoaltiwa with 
a l l tha alaotrolrto aaaaaatratlaaa (diluta aalatloa aid* 
takaa aa •waK fhia baharloar vaa aaaa vita a l l tha 
aaabranas and alaetrolytoo undor ln-vaotlgatloa. Thaaa 
ara high wham tha aaaaraaaa ara aaaa to aaaarato diluta 
sleotrolyto aolutloaa wharaaa i t 49WMmm with tha 
iaeraaaa in tha alaatrolyta aoaoaatratiaaa and raaahaa 
to a alnlwna raluo. Thia aaana that tha saabranaa ara 
aagatlwaly ahargtd (cation aalootlwa) and aalaetlrity 
iaaraaaaa with dilution. Tha negative aharge on tha aaa* 
brane eurfaee mar bo attributed to tha preferential 
adsorption of negatively ohargad iona, neaely, hydroxyl 
lone froa wator aad/or phosphate, areenate, molybdate, 
oarboaata and aulphlda iona praaaat la tha eolutlone uaad 
for tho preparation af particular membrane* 
two Imoertaat faatoro which aaatrol ioa permeabi-
l i t y throat a aaabraaa ara charge aa tha aaaaraaa and 
l ta porosity, tha etepwlee cmamga l a membrane potential 
• r tha aalaatlTity aharaatar af tha aaahraaa alaatrolyto 
ayataa aay readily ha exnlaimed la term* af etruetural 
ahangea prodaaad la tha olaatrlaal dcaila larar, Parah* 
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Me mbr ones. 
BMitt aupportad laorcaala praolpltata aasaranaa aay 1M 
eoaaidorad AS * aatvork with f ixad nagatlraly ehargaa 
capillary or Ghana* 1* vhaa plaoad la ooat&at with vator 
or Allstto alaatrolyta oolutiona, AH aqulvalaat naaaar of 
pratona and/or ©atioaa, aoaa elooaly hold la tha flaa4 
part of tha double Xayar and tha raaaladar la tha dlffuaa 
portion, wi l l ha laft la tho eolation. Byr tha addltioa 
of uni-unlYalent alaotrolyta, tharo v l l l ba a tonaanay 
for tha aationa to aoauaulato on tha aolution aida of tha 
flxad flouala layar by lnoraaalng poaltiva aharga danaity» 
tha lntarfaaial potantlal dlffaranea (Donnaa potantial) 
oaaa^ta tbaraby ohaagln£ tha avarall aaanrana potantlal* 
If tha alaatrolyta oonoantrationa ara forthar aaaa laxgar 
tha potantlal daoraaaaa and raaohaa to a alnlaaa Tain a. 
Tha potantlal la aontaat with high alaotrolyta aoaaantra* 
tlon ©orraeponds to dlffualon potantlal and at thla atata 
tha fnnetloa of naabran* vaniohaa* Thla typo of variation 
la aelaotirity oaaraatar la not paaallar to thaaa eyataaa 
(9-11). tha phananana haa baaa vai l llluatratad by 
LakahBlaarayaaalah for aulphonatad aanbranaa (12). 
A aamaar of praaaauraa h*ra aaaa ntUlaaa far tha 
aatlaatlaa of tho flaad croapa praaaat la a a l l aaaraata* 
rlaad laa axaaaaca aaaaraaaa. Tltratlom aroaadura vaa 
uaad by Bollaar at al . (19tt4) to oatlsata tha aaa araapa 
c 
end stray earboxylie greape present l a eollodlon aaterial* 
La*ah»inarayaaelah (13) # l a hie ntudiee with ta in aonw 
branes of parlodloa, used tvo setao&e * the lootopi© and 
potantiemetrie to evaluate the apparent fixed eh&rge oa 
the aeahvane aaterlal* Another uethod using a eui table 
dye has oft an been u t i l i s ed for the evaluation o f apparent 
eharge on the biological ayetests* l a the present ettidiee 
to* t i trat ion a&d dye method a proved inconvenient ami 
very la&oeurate, vhi le the lsotople method *as dlaoarded 
la v i e * of the strong ienlo adsorption phenomena exhibited 
ay thaaa eye ten*. Consequently the potentionetrio method 
vaa ***** fhle method la based on tha fixed charge theory 
of aenbrane potential propoeed aiattltaneoualy by TeoreU 
(3**6)* aad by my*r and Slavers (4) (the TK8 theory) for 
eharged asmbranee. According to thia theory, see brace 
potential la ooaaldered to be ooftposed of a diffuaion poten-
t i a l v i t a l * tha nenbrano aad Doanaa potential at the two 
aeaerane-eolation laterfaoea, Theae authors esauaed the 
aaaibraae eurfaee to be l a a at ate of eojill lbrlua. taa 
• l a t a * lorn aot ir i ty aoefflalaat to bo ualty* tha preeeure 
veluae 'bora to bo negl igible and the appareat fixed eharge 
to raaala aoaataat at a l l vu*ase> #f external e leetrolyte 
eeaaeatretloae. the folloula4* eeuatlea fay •—bra— petea* 
t l a l appllaabla to highly 1 dealt aad systea, was tamo 
derived* 
i o 
vfcsrs 9 « (*+?)/(*-£), « i&4 T i n aobll l t lso of satloas 
sad Miens* rsspsstlrsly la ths asabrsas paassi 1 i s ths 
share* oa ths asabraaa txprssssd i s squlYslsat/lltrs of 
lablbsd so 1st lost C1 sad C^  srs ths ssasaatratisas of ths 
• lsstrolyt* solutions sa ths two sides s f ths asabrsas*, 
Ths » S tbssry **» * s iapl is i ty sad appsal to bs sophist1-
satsd sad has bssa ussd i s ths way 113astrat*d by Ksysr 
sad Bsrafsld to dstsvaias ths flxsd shargs eapaoity s f 
asabraaso hsviac I t s Taloso. This prossdurs has bssa ussd 
by Kaalas aad Loadoa (17) *» sstiaats ths capacity of tola 
polyasr asabraass. It has also bssa assd by Baxter (18) 
to dstsralas ths shsrgs oa ksrstln, by Lakshalaaraya&alsh 
(15,19) to svslasts flxsd shar** oa thin porlodion asa-
brsass sad by Bsg sad sossrksrs (9-11,20-26) to sstlaats 
shares dsasity s f polyasr bassd lsa-sxshsacsr asabrsas** 
Asoordlac to this proosdurs, thsorstlssX ssassatrstioa 
potsatisls B sxist iac aorsss ths asabrsas srs salsalatsd 
as a fttastlsa s f 1st <y tbs ssassatrstioa ratis C2/c | 
bsiag kspt at a soastsat rslas s f 10 far t i f fs iaat asbality 
rat i s tyf» sad plsttsd as shsva ia Pi**. 2*2 (»,*)• fas 
sbssrrsd ssa brass sotoatlal rs l sss ars thsa s lsttsd ia ths 
saas trash* Ths sxpsrlasataX earra i s shiftsd barisoatally 
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t ! 
UAtll i t ooiaol&ee with one of the thoarotloal eurrae, 
the extent of the shift flwoo l ee I end the eelneldiBg 
thoovetloel ear*** the vain* of 5/f. the walnee of 
effective fixed oJtarge Aeaelty X and nobility ratio 1/f 
derived in tale way, for o i l the five a*nbra&ee 1B oen~ 
toot with 1t1 eleotrolytee are given lm ^able 2.1* 
Xohatah* and Kano (27) derived another equation 
ta» 2.2) for neaarene potential on too fixed oharna eeneoet 
of Teorell-Heyer and Slovora and by ntl l lain« the aeenap* 
tloaoi (1) the contribution of nana movement Is negligible, 
and (11) anall loan do not behave ideally la the ehar#»d 
( 4 c | • rf***)^ • j% 
Ucf • #zx2)y2 • 4x 
1
 • • r 
(2.2) 
where ' • n/(n+v), aad a* ie a oharaotorlotle faotor of tho 
nonbrano-eltotrolyto »ni»# and reereaenta a fraotlna of 
ooaatorloao aot tlxhtJy ooaad to tho aenbrane ehnleten* 
Tho eredaet ft i» t i i i i tho themetynani nelly effeotivo 
efcaran donelty of a nonbrane. Mho* torn* hc«a their 
ojFondHBaje>OB on^o*ojnnn^Bnn« at on^n^anaxenonen>an> one) nv eMonaa* nanaae* eainnnnany na^njenivn) n>onae7anojeen» 
fora aa that given by tho fo» theory far nana* one netantlal 
1 (l*o.» ea> !) exeert that the tfaernodynoal oal ly effective 
cv 
TABLI 2 .2 
VAlflBS OF MBRBRAHB CHAROB DBHBITT I ( • o / l ) ABB HGKUTY 
RATIOS ( 5 / f ) FOE VARIOUS WSJIBRAK»-BLgCTR01TT» SYBTWB3 
OBTAIHBD FHOK TUB HBTHOD 
0«rlua phoaphat* 
Carloa BOlybdata 
Cariua oarbo&ata 
0«rlu» aalphlda 
traM%#vs 
I a 102 
U / T 
X x 10Z 
f / f 
I K 102 
5^ 
I * 102 
m/f 
1 * 1 0 * 
«/f 
£01 
3.60 
0,60 
1.76 
1*00 
0.3? 
1.20 
2,82 
0.80 
1.35 
2*00 
MmCX 
2.61 
ceo 
2*20 
c.eo 
0,35 
1.00 
4.46 
0.60 
1*22 
1.60 
U d 
2.42 
0.60 
1.56 
1.00 
0.98 
0.80 
1.85 
0.80 
0.81 
1*60 
Vid« Fi«a. 2 . 2 ( a t * ) 
t o ; 
fixod aaarfo Aenoity a*x of tao aoaaroa* to uood in plaeo 
of otoiohioaotrio fixod ehar«o donaity 1« aquation 2*2 
rotaoas to tao QUI aosoraao potential far 4 • 1« Sinoo 
It woo oonowhat troaolaaoao to ovalaato offaotlva fixod 
ohorgo donoity a*x at om arbitrary astoraal olaetrolyta 
ooaaoatratlaa froa tho oooorrod aoabrano potential 8 aaln* 
•q. 2 .2, looatako and Xoao (27) paropoood a aiaplo sotted 
tt*ln«* too following approxiaato equation for tao dlffaoiwa 
eontribution to tao oaf of a eoXi vita tranaforoaoat 
* - - ¥ < ! -***,*> * » | * (2*3) 
where t - „ le the transference aeaber of anion in tao epp 
membrane phase. Ooapariaoa of eqs. 2.2 and 2*3 givee 
(4f2+1)y2*2^»11 (4^§+t)K2+1 
In I v* la ; i H I 
epp ^ z ' J J I J 2 3a^j 
(2.4) 
vhere '>- - C/^I, whoa tao oonoentration of tao external 
oalt solution io lar«e ao ooapared to tao offeetiTO eharfo 
donoity e*x# i . o . , whoa Q%/0L - 1, eq. 2*4 la oxpaadod to 
Tale oqaatioa iadioatoo that tao plat of l / t g ^ woroao 
1/0, with a flao* (or CJ/CJ) ehemld «iwa a atralfht l ine , 
aad tao raluo af cr aad e*x la tao ooaooatratod eelstloa far 
a Ciran combination of Mabrana and alaatroljta 
dotaralnad fro* tha lntaraapt and tha elopa of too Una. 
Tha raluoo of thorawayftOBloallr affoetivo flxad aharga 
(ftonaltiaa thna dorivod nala* Figo. 2.3 (a~o) for a l l tha 
ftra aa«branao In eontaat with varlona 1i1 •laetroljtaa 
aro gLwn in Tabic 2.J. Tb« valao* dorl*o4 by thla aathod 
aro aloaar to thoaa dorivod by tha Moror~Borafold prooodura. 
On tha othar hand (27*28), the aaaa fixad trano-
faronoo nuabor of oolon* in a nogotivaly chargad aoabraao 
iaaorcoa In an olootrolrto eolation of ooneantratlon 0 
van doflnad bjr 
t_ - •CU/UC^ • V«J (2.6) 
vhara C+ ana CL *ro too ooaoantration» of eatlon and anion, 
roopoetlvoly la tha acabrano phaoo. fain aquation waa 
traaoforasa to 
\
 m f . • Vf (2.7) 
u r • o r i • (toe. D 
anlng follOYlng aquatlono for activity oaafflolont*, aobl-
l i t loo of aaall lono la tha aaabrana phono, and tha o«*l~ 
librlaai ooaaltlon for tho olootroaaatralitr (27-32) 
*«. » CLI • * . • & . (2*8) 
t+ m ( J i t * » t (2.9) 
C + - C L - X (2.10) 
g. 2.3 ( a, b ) Plots Of I / t$pp Against l/C / For Various 
1:1 Electrolytes Through (a) Ce r tu m Phosp h ate 
Ana (b) Cerium Arsenate Membranes 
4 — i c ) 
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' /c , 
Fig. 2.3(c,d,e) Plots Of 1 / t dppAgoinst / / C/ For Various 1:1 Electrolytes 
Th rough ( c ) Cerium Motybdate (d ) Cerium Carbonate And 
(e ) Cerium Sulphide Membranes 
TABLW 2 . 9 
ixmm OF xmmm CHAROI ostsifr lx («^/i) YOB VARIOUS 
HBHl»A3«-«LB0Ta0I.TT8 8183*110 OBTAISXD FROK KQBATAKJTS 
HB3B0& 0SI»O BQUATIO* 2 . 5 
Hrnmbren— 
Bl*«%rolyt«« 
SCO. S a d L101 
Gtriia phosphate 
rfX x 102 5,52 2*70 2. 65 
Gtrliw arsenat* 
rfx x 10* 3.95 4,63 2.71 
0»rln» noljMat* 
rfX x 102 1.52 1.0$ 1.42 
4X x 102 2.90 2.71 2*§5 
#X x 10* 2.24 2.09 1*74 
rum PU». 2«M*-*) 
11 
Blnoo tho dlfforonoo botoooa t j p p oaloulatod by uolng 
oq. 2.4 and t„ by uolng •«• 2,7 for Yarlouo roduood oon-
oontratlone was found to bo loo* thou 2*. Conooquontly 
tho raluoo of t ^ p aad t . at a l l oonooatratlono woro 
oonoldorod praotloally tho I « I , Roanrangoaoat of oq, 2.7 
load to tho OKproooion 
<4<r • t) 7 * »
 t ': *• U.1«) 
• oC» ( 2 ^ * t ) ( t - O 
Thio oquatlon waa uaod to find tho poraoolootlTlty P8 from 
aoabrano potential aoaouromonto. If too traacforoaat uuabor 
of oolono ( t - or t* ) i s ooro, tho eoabraao lo porueolootiTO 
and * e - 1 vhilo If tho traaoforonoo mater of oolono has 
tho valuo in froo oolutlon, Ps * 0. In ordor to doriro 
thorBOdynaoloally of foot ire flxod ©hargo donalty of 
moabrano-olootrolyto oyotoao, too Taluoo of poraoolootlTity 
9m (Tablo 2.4) voro oaloulatod using tho right hand oido 
of oq* 2.11. Tho Taluoo of t_ woro obtainod froa tho 
oboorrod aoabrano potoatial data uilng oq, 2.5. Tho Talaoa 
of P9 woro thorn plottod ao a fanotioa of oonoontr&tloa a* 
ohova in Flgo* 2.4 (a-o) . Tho ooaooatratlaa at vhloa 9m 
hoooaoo jT*1 ( i . o . , aaom '> - C/rfl - 1) ao doaaafl by tho 
loft alia of at* 2.11 gtfaa %b* vatea of taa 
•a l ly offootire flxod aba*** doaalty of tao i 
olootrolyto oyataa. taa valaoa darlrod la talo vay aro 
glroa la Tablo 2*9 vhloa aro ooaparoblo to taa— dorirod 
| 
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Fig 2 4 fa, b j Plots P5 Against Log ( C / * C 2 J / 2 For 
Various 1:1 Electrolytes Through (a 1 Certurn 
Phosphate { b ) C e r 1 u m Arsenate M e m b r a n e s 
0 6 i-
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F) g 2 4 ( c ,d, c i Plot s of P s Against tog fC f * C 2 )l 2 F o r ^ o n 0 u 5 
/ / Electrolytes Through (c / Cerium Molybdate.idi Cerium 
Carbon o t e a n d (e i C e r u rr Sulphide Membranes 
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TAB&S 2 . 3 
VAJKJBS 0 7 1TFBCTXYB FZXBD CHARGB DIHBITT 4% ( • q / 1 ) OBTAWTO 
FROH XDBATAO»B PBRKS8L1CTIVITT MBTHOD FOR UftlOOTI HRUUTC 
BLfOflOIfffl 8T8THK8 
KX*«tiw2jrt«« 
KOI B a d LiCl 
Htntra&M 
• • • • • • • • • • • • • • • • • • • • • • • • • • • M H i a M M a a i M a w * ^ ^ 
*X * 102 3»33 3.25 3.61 
Otr*s» U M B i U 
ffX x 102 4*60 6.09 3.55 
Otrlxm aolybdat* 
iX x 105 2,82 3 . U 6.34 
Cftrlmi e«rbon«t« 
rfx « 10* 2.59 4.33 *#«3 
tfx s 10* * • * • 1.20 0.92 
tt*» P i * 2.4(»-«) 
K.-l 
by tho aarllor notho4»« 
Rooontly Kobatako, 5 or laid, Toyoohina and FaJIta 
(99) ho»o naio on attoapt to appro&oh the problo* of atav* 
•ran* potontlol Iron tho otonApolnt of tho boolo prlnoioloo 
of tho tb«r*o4ynanio« of irrororoibla prooooooo. Tbaao 
onthovo oonol4oro4 tha ayoton to bo oonpooo* of an Ionia* 
oaparatlnc two bulk aolatlone of * unl-unlvalaiit alootrolyto 
of ooaooatratlom C| •** 02* I m • l l ^oaliaod altuation tho 
thooratloal oquatlon far noahraao potant1*1 wo* gLvn by 
) * In ** «> (1 • * - toe) in ( « J (2.18) 
» 1
 t e m i • (-J£EL»\ 
u • •* % n ' 
To ownlanto tho nonbrono paraaotora •
 9 . on* tho thorao* 
«ywon1oaUy offootlwo fixot ohax<a donolty 1, two Uniting 
fovao of tho abowo otmatlaa* woro Aorlro*, vhon tho axtor-
nal oalt ooaooatratloa 0 woo ouffiolo&tljr onall9 
wfeoro I • FB/ntt aaft o~« OJ/OJ 
tho sa l t ooaoontratioa C wo* hi**f 
(1 • /& - **/$(?'<-» 1) 
,, ^* . (-£-) • . . . (t.H) 
2(1 - * ) * la a- °2 
113 
vaoro %m la tao apparent traaoforoaoo nutbtr of ooloao 
(aaloao) l a a aogatlvoly charged Matron* doflaod ay 
\w - (1 - at.) Jacr (2.15) 
Tao volmoo of %» oaloalatod from oaoorrod aoaaraao potea-
t la la aaia* oa.# 2*15 oro «!••» la fablo 2.6. Btaatloa 2.t3 
vaa uood to §fam tao raluo of .-i aad a relatloa betveoa 
aad 1 by evaluating tao intercept aad i a i t i a l elope of tao 
p3*t of B against 02 (Fl«e. 2.5a-e) while oq. 2.14 ve* 
uood to evaluate x froa tao intercept of a plot of 1/t_ 
agalaat 1/C2 (Fid** 2.6«-e). Tao value of X vaa then 
deteralaed by iaeertla* tala value of la tho relatloa 
betveoa or aad I obtained earlier. Tao raluoa of y • : aad 
X derived la tale way aro given la Tablo 2.7. 
Oaoo tao valnee of pareaetero » _ aad X for a 
glvea aeabrane-eleotrolyte oyotoa aro known, oao oaa got 
theoretical aoabroao potoatlal Talaoo at any ooaeoatratloa 
uelng eq, 2*12 for aay glvea o aad ooaparo It vita tao 
oorroepoading oxperlaeatal data* for tala oeaparlaoa eq. 
2*12 vaa vrlttoa la tho fol levlat fOra ao euggeeted by 
Kobatake aad oooorbara (53). 
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Fig. 2.6 ( afb ) Plots Of 1/ I_ Against I / C 2 For Various 
Electrolytes Through ( a ) Cer i u m Ph osohot e 
And f b ) Cerium Arsenate Membranes 
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Fig 2 6( c,d,e > Plots Of l/t- Against 1/Cp For Va ri ou itfect rotytes 
Through (c ) Cerium M oly bdote (d ) Cerium Carbonate And 
(«? Cerium Sulphide Membranes. 
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tamo i f •<*. 2.1$ la valid for tno oyston undor lxnroatl-
B with arodotoyninod or , n and f and tho giron ralao of 
an** fa l l on a straight 1 1 M onion has a unit alopo ana 
pooooo tho oo-ordinato origin vhon plotted agolnot 2* 
Thia bahariour should bo oboorvod irroopootlvo of tho 
•aXno of o and tho kind of aoBibrana-olootrolyte oyetom 
mood* Figaros 2,7 (o-o) dononotrate that tho thoorotioal 
prodiotion of oq. 2.16 la borao out quit* aatlafact or l l y 
by onr osporiBontal roonlto on parohnont supported inorganlo 
prooipitnto nonbranoo, 
Moro rootntly, Taaaka, Aoki, Konda and Hagaoava 
(7»8)»basod on tho Toorall, Hoyor and Slovoro (5»4) nodol 
of aa»brano-alootrolyta oyoton and by applying tho linoar 
lavo of lrrovorolblo tboraodyiunleo for tho flow of wator, 
oatlona and anions in n nogatiroly ehargod nonbrono dorirod 
tho following oxproooion for nonbrano potontinl, 
O 
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fig 2 7 ( a ,b ) Plots Of Log (cr _ ea ) / ( eq - I ) Ag ainst Log Z 
For Various Electrolytes With (a )Certum Phosphate 
and(b) Cerium A rse n a te Me mb ra nes . 
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F / g . 2 7 ( ctdte ) Plots of Log ( o~- ea ) / (ea - / ; Ago in st Log Z For 
Various Electrolytes With (c ) Cer ium Mo lybdate (d ) Cer ium 
Carbonate and (e ) Cerium Sut phide Me mbron PS 
It j 
- . .«/<$**(£•? (act) 
1 - 4i, nit .i 
A. 
^ZJ ft. 
atSrK1 
la a* 
• iHaVzab*' 
f -
i i mi ft 
ft*O0K 1 • 
rfSj, 
IRf^Vl9 
j f (o-1)O f (2.17) 
vharo J0 lo tho aaoo fliut of vat or, K* i s a ooaota&t an* 
othor sjnbole hara tholr usual sigalfioanoo. At oaffi-
oioatljr high slaotrolyta ooaoontratioas aquation 2,17 wao 
roduooa to tho f irst tor* only* 
- B - *£ ( $ ~ - * - (£-) * . . . (2.18) 
Equation 2.18 proAioto a linear ralationahip botw*an B and 
1/Cj # tho slop* of vhioh oaa bo uaad to giro tho Talua of 
#^. A oot of straight linos (shown la fig*. 2.8a-o) for tho 
aoabrano* oaparating rarloua 111 alaotrolytoa wore obtalno* 
vhoa 1 vao plottoft agaiaot 1/C%* This Justifies tho roftus-
tioa of aqa. 2*17 into 2.18. Tho Talnoa of tho ohargo 
4ooait/ 0 doriYod froa tho olopo of tho llaoo using Figs* 
2.8 (a-o) for tho uoaoraao* 1m oaatatt with Tarlouo 1i1 
oXootroljtoo aro giroa la tablo 2*8. 
fao valaoa of ohargo donslty of tho aoabrair 
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2d ( o ,b ) Plots Of E/( r - I ) / cr Against I / C2 
For Various 1:1 Electrolytes Through (a)Cerium 
Phosphate and (b ) Cerium A rs en a t e Me m b r o n e s 
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F g, 2 8 ( c , J,e ) Plo ts Of E / ( <T - I) cr Against I / C 2 For Venous 
Electrolytes Through ( c / Cerium M o I y bda te, (d ) Cerium Carbonate 
and( e)c eriu m Sulphide Membranes 
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TABLE 2 .8 
VAU7S8 OP BPPBCTITB PIXB> CfiASOB DKI8ITY *X (•q/X) OBTAIR© 
PEOW ?ASAJU»S KBTHOD FOR TAAIO0S KKKBRAS2 RLECTROLTT1 
BTSTBK6 
mmm^*mmmmm»mtmmammmmmmmmmmw^mtmmmmmmmmmmmm)mmmmmmammmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmimimmm 
Bl«otrol7%#« 
K d I*C1 LtCl 
4% x 102 5*80 5*22 4.61 
ffX * 102 4*52 4.76 4.30 
Cmrixm solybdat* 
ffX x 10* 2.10 1.92 2.C0 
Gtrisn cartea*** 
*X x 10 2 6 .68 6 .90 5 .06 
tfX x 10* 5 .86 5 .49 3*99 
? ! * • F l * . 2 . 8 ( * * ) 
li 
oloetrolyto syotoas dorivod by this proeodturo aro ooa-
parabla to taooe derirad by other proeoduroa, ifbm valno*, 
although, sro aoaovhat dopondont upon tho dlfforant 
prooadura adaptad. Xa ganaral, therafora, i t may bo 
eoaoladod that tho •••brana-slaotrolyta ayatoa* uador 
lmrastlsatioa poaoaaa low doaolty of fixad eharga groups 
and that i t can ba rraluatad with raaaonabla ao«nra«y by 
on* of tas thaoratleal aotfcoda dovolopod roooatly baood 
on tho principle* of lrravaralbla tharmodynamlaa. 
l l . ~ 
HffliBfl 
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GHAPTBH III 
m o i r e PoygfTiAM am KBXBRANS SBLBOTIVITT 
When am Ion exohanie aeabrane lo lnterpoeed between 
two eolutlons of the eaee electrolyte, bat of different 
oonoentratleae, the potential difference dereloped lo 
oalled tho eoneantratlon potential or tho aoabrane poten-
t ial* fho olga and magnitude of thlo omf glree tho eelee* 
t lv i ty of tho aeabrane towards tho lono of tho electrolyte* 
But If tho aoabrane io used to separate solution of tho 
two electrolytes of tho typo i s and Js (or ix and i y ) , tho 
•toady otato potential developed io eallod bllonio poten-
t l o l (1) vhioh io a maaoura of select ivity of tho aeabrane 
for lono of tho ease »i«n. Bllonio potential has boon 
oonaldarad by Helfferieh (2) in accordance with tho eon-
oopto of tho HIS thoory (3»4), oo bain* tho algebraic saa 
of two lntorfaolal potentials and an internal diffusion 
potontlal* A ©oaplete aetheaatieal dlaoaoolon undor oondl-
tionot (1) a aeabrane diffueica control. (11) f i l a diffu-
sion control, and ( H i ) oenpled aeabrane f i la dlffnolon 
oontrol hoo boon yiosoutce (2 ) . Zn rooeat yoarot a nuaber 
• f aatheaatleel oamatloao for bllonio potontlal on mwiMno 
boolo ooaoldorotloao hero boon derived by •sriome lnraotl-
gators (1,2,5-11) and hero boos tootod far thoir applies-
I l U 
b l l l ty to rerlome model membrane systems, hare been u t i -
l ised for the determination of ss l sot ir i ty of the meabranse 
for different lone end for other specific purposes (13*20) • 
In this choptor the biionio potential (BI?) measure-
•outs aaroea esrlaa phosphate, eerlusi arsenate and merino 
melybdats membranee ore described. The IX? data here been 
ussd to sxtajJ.no the validity of losakl and Toyoshlme theory 
booed en the thermodynamics of lrrererelble processes, the 
potential dete with oebelt end alefcsl phosphsts membranee 
novo alec boon util ised la seoordsnoe with Hornet equation 
end aeehnlts prooedure (21) for too determination of 
select ivity of nenbrsneo for various ions with partioulsr 
roforonoo to phosphate ion* 
immure Aiff mnw 
Parchment supported cerium phoophato, aorta* arse-
nets end carta* molybdate aoabrnnoo were prepared by the 
prooedure deoorlbed la Chapter I . Hlokol phosphate mad 
oobelt phosphate aeabraaoo were obtained by the method 
reported la our earlier pttslleatloa (22)* Bllonlo poten-
t i a l s wore meaoured by aottlaf up ma eleo^rodhoaloal moll 
of the typo 
k A 
SCE-
SC £ 
Rpferpn cf solution 
T r '• t 
Solution 
v^ <£> 
^pmbronp 
5 11rror 
F i g,3*1 Me m b r o n e Cell Assembly 
Ill 
Saturated •, Solution ? Msabrsne \ So In t ion \ 3aturat*d 
caloael 5 .«, 1 {
 PT J oalosjol 
eleotxods J ** J S t ' slsotroao 
and keeping the equal ooaosntratlon of the electrolyte 
solutions on either aid* of the asnbrane. Tho solutions 
la both chambers vara rigorously stirred by a pair of 
aagnetio stirrers* 
The membrane eleotrodes war* essenbled as shown 
la Fig- 3.1* A 10 H KH2?04 solution was used aa the 
internal reference eolation* Two saturated ealonsl 
electrode* aad a Pya-pr«ci8ion wernier potentiometer vara 
used to monitor tho electrical potontial. The test eola-
tions were stirred by a glass oaatad magnetic stirrer and 
the temperature was maintained at 25 i O.I'C using a water 
thermostat* i l l the solutions used were prepared from AR 
grade eheaioals (BDH. India) aad delonlsed water* 
mmnw 
fme total s lestr io potential difference oboorrod 
aader soro ourjsae flov betweea two eqnsous solationa 
separated by a asabraas baa boom #as of taa aoat vldsly 
characterised slsatrooaaaiaal aad biooleotris pwisjsnsBa. 
For biological aasibranaa taa sloatrloal patantlal e l ffer-
ease i s usually described la tsrme of 
i l o 
Xats (7,8) aquation oaoroo* for oortaln Ion a»<thaofiO 
Matemwi po*»oablo aololy to ooooioo of ©no elgn, It to 
dooortaod ay a i t a m U n A Xoraot aquation (6,15). Host 
raoontly, Voaakl and Toyoohlaa (1) dovolopod taoorotloal 
•auction* for alloalo potontlal oaood on tao taoraodyaa* 
aioo of irrovorolfclo prooooo for a nagatlro oaargo aoa-
orano latorooood botvooa two uni-uniYalont olootrolytoo 
with ooaaoa anion at tao oaa* ooaoontratloa. tao oyaton 
vaa ooaoidorod lootaovaal and no olootrlo fiald woo 
auppooad to apply oxtoraally* la© following aaauaptlona 
for tho ooaooatratioa dopoadoaoo of aobilltioo and a«tl-
• i t i oo of ions vera uaad la tao darlTatlonoi 
aQ* • tt°(C_ • I)t vCU-^CL (3.1) 
a+ - f?(CL +1)1 * . « £ o _ (3,2) 
vaoro a» • oro tao oatiomlo and aaloaio aobilltioo* a and 
f roaroooat activity and activity oooffiotoat of ion©. 
fa© ©affix • , - and o rofor to oatloa, anion and tao 
aaoaomoaa la tao £roo aolutloa roopootlvoly, Cao ayabol 
1 roaroooat© tao thoroodynanl ooll y ©ffOotlro flxod ohar«© 
doaaity of tao a i t i a a i , tao ©xnroootoa for blloalo 
aotoatlal tan© ©btalnod va© 
r r n I 
Ijjp • ^ t la If*) • la <j (JTT^ M / ( * V Dfj C3.3) 
vaoro tao flax J van doflaod by tao oxproooloa 
l i ' J 
(2J*1)Xa[(«A>a^)/(Va0[-lJl[(^TA*1)/(^TB*t)j -1B(OV*B> - C 
(3.*) 
awl ts • 1 • [l • < « V y > * l ( 3 # 5 ) 
vfcoro I /^Xg la tho oolootlvity MBitut ratio of pooltlro 
loao (ooooioo A and B) for too aoabrano and Ty vao glToa 
or too oxprooolom 
la order to oxanino tho validity of oo.« %5 too 
Toliioe of tho oaraaotoro %* % •»* V^jj for too noabraao* 
oloetrolyto orotoai auot bo known fro* ooso oxooriaoatal 
do£a# «o that thoorotloal bllonlo potontlal oaa bo oalom* 
lntod and nor bo ooaoarod with tho oxportwoatollr dotor-
nlaod ralaoo. To aohlevo thlof tfeooo authora dorlvod 
anethor oquatloa for noiibrano potontlal 
HA) • •aacr-(1-*a/T.)Ja • ? > m * 
• la 
(1+ac£*,/5) 2iy» 
J Yf ( 3*? ) 
firon too baolo flow o^uatloao ami utilising too 
tloao for aobllitloo an* aotlrlUoo of aorablo loao la 
obraao pbaoo and fplloood too orooodnro dooorlbod 
n 
1£" 
Bxpaadlng «q. 3*7 la poaara of V€£ with 
tratlon ratio tela* teat ooaatant* rlold 
*(^) • -(l-tA^la^-ad-t/VgXl/^XWI/crX^)^)^ . . . 
(3.8) 
Haatloa 3.8 aaa ooablaad with aaraat aquation 
- (£)! • (1-tt5w) *«(<£/<£) (3.9) 
and tha raaaltlaf aquation aa forth** axpanslon aa aowor 
aariaa af 1/<£ * i ~ . 
| / H i » " V * V 1 ) C^-O/^laa-Cl/VO/oJ)* ••• (3.10) 
Squatloa 3.10 pradlato a liaaar relationship astvaoa 
1/t* and */<£• Tha ralaaa of VH and i / ^ for difforaat 
ao*orano*olootroljrto orataaa aaa bs oralantod iron tho 
ordlnato lntoroopt and in i t ia l a la pa of a plot of 1 / t - _ 
aanlaat t/c£# prorided a straight lino la obtained fro* 
tho oxporlaontal data, for tho oyotoaa madsr lnTsstlga-
t ioa tho Talaoa af +m aa a funstiaa af ooaaoatratlon 
app 
wora oaloalatad from tho oasorrad aoaorano potaatlala mala* 
04. 3.9 and plottad acalaat 1/C^ aa shova ia f l f s .2 .6(a-«) . 
• oat of straight linoo ia Flga. 2.f(a-a) ara i a agroonoat 
v i ta at* 9«t8* Tho Talaoo of •„ and ! / « , « « • *ama 
aorlrad froa tho lntoroopt and slops of tho Uaaa far 
hath tho aoahranas with rarioaa aoahlaationa af 1i1 
•lootralTtoa. Taoso Talnoo af Tf and X/K^ voro than 
1 ' ' 1 
ut i l i se* to got tits •Ala* of gg using oq. 5*9* ffao valaos 
of tho aoaorano paraaotoro Vg» o% aad V ^ dorlrad, in 
this way, aro glvoa la Tafcloo 3.1 and 3.2. 
Oaao tao aoahraao paraaotors Ty i f/M^ aad gg for 
tho aoafcraao-olootrolyto oyutoas aro taown, oao oaa oml-
oulato tho thoorotieal blloale potoatlal at any olootro* 
lyto ooaaoatratloa using o«s« 3*3-3.3 on* ooaparo i t with 
tao oorrospoadlag oxporiaoatal data (taalo 3*3)* Tao 
valuso of tao thoorotloally oalomlatod Igjp uoro plottod 
ao a function of olootrolyto ooaoontratloa 0^ ao shorn ay 
dasaod U M I in rigs* 3«*(a-o). Vao txporlnsn ta l ly dotor-
nlnod •aluos voro also plottod la tho oaao fignroe for 
eoaparlsoa (shova by tho solid l iaoo). Pigaroo 3*2(a~e) 
doaoaatrato that tho thoorotioal predictions aro borao 
out quit* satisfactorily %gr oar oxporiaoatal results , 
thereby ooafiraiag tao validity of Moeakl and Toyoahlam 
theory of aoaaraao potoatlal aad blloalo potential to tao 
oyotoao aador investigation. A l l t t l o deviation aay ho 
attributed to Tarioao roaooao aoot aotahly dao to tho 
latoraotioa of ioao vlth tao aeaeraaee of low fixed eharge 
a l to . 
Za atdltioa to tao iavestlgatloa of eeriua pass* 
paate, aelybdate aad atsssaU saabriins, «e have, la this 
laboratory, oaao aw oat paraaatat oappartod oohalt aad 
TABLB 3 .1 
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F ig.3.2 (c ) Plo ts Of Bii onic P o lent/ol EB/pVsLogC Across 
Cerium Arsenate Membrane Using D i ( f e rent Electrolyte 
Pairs (Experimentally observed -•- ;T h eore ti c c I ly 
calculated . 
U5 
aloital i&oepfeate »a»erattaa (20,22) anion pooeeaa m a l l 
density of fixed eherge ae i s a n t U j the onee with parefe-
nant supported inorgaaio preoipitate neabranea. Theee 
cenbrenee hare been ueed ae ion eenoore and the se lec t i -
vi ty of aenbranee for lone of different olgn are reported 
here frwe eleetrle potential Matrarenento* the eharaeter* 
ia t io of eerlm phoephate, nolybdate, ereenate and rarloua 
other lon~exehan&er aeabr&nee ae ion eeleetlre electrode 
are u&dor investigation* 
the eleetrio potential B observed serosa parohnent 
supported nlekel phosphate and aobalt phoaphata eenbranee 
using 10 M ffBJfO^ •» intsrnal eolation and a nwaber of 
1 i1 , 1i2, l i j , 114 and 2i1 eleetrolytee at different con-
eantrations as toot eolations aro dapietad in Flge* 3«3-
3.6. 
Ifeo ralnes of 2 with 111 ant 2i1 typo of eleetr*-
lytes aro positive whom the nenbranee ara in oontaot with 
oonoentrated toat eolatione, whareae i t gradually dasreases 
vlth the decrease in the alaotrolyta eoneentratlem and 
finally beeoaae negative. In tho oaoa of t i t , 1*3 and 
1t4 olaotrolytoo an oppooito pfeomoaona i s saservo*, i . e . , 
8 i s negative at highs* olootrolyto oonoontratiom and 
inoroaooo with dooraaoo i s soaeentrstion. This typo of 
change in f a r one potential vi******!* reversal i s tho 
4 0 * 
Fig 3 . 3 Resp o n se Of Nic ke t Phosph ate Mem br one 
Electrode With Various 1:1 And 2:1 Electrolyte 
Solution At Different Concentrations Using 
IO~fM K H 2 PO^As Reference Solution At 2.5 ±0.1 °C 
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r / g i . 3. A Response OfNickef Ph osph ate Membrane 
£ feet rode With Various l\~1, 1:2, 1:3 And 1:4 
Electrolyte Solution At Different Concentrations 
Using / 0~ ' M KH 2 P 0 ^ As Reference Solution 
At 2 5 ± 0,1 °C 
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Fig. 3.5 Response Of Cobalt Pos pho te Membrane 
Electrode With Various 1:1 And 2 :1 Electrolytes 
Solutions At Different Concentrations Using 
0 I M K H 2 P 0 < As Re fere nc e Solution s At 2 5 -
0.1 °C 
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Fig. 3. 6 Response. Of Cobalt Phosphate Membrane 
Electrode With 1:1, I:?, 1,3 An d 1; < Electrolyte 
Solutions At Different Concentrations Using 
0.1 M K H 2 PO 4 As Reference Solution At 2 5 T Of°C 
1U, 
ooloetlTltr character of tho aeabraneo lo not peculiar 
to thooo e/ateaa (25»24). 
Zt lo noted i s figo* 3*9*3*6 that potential ohanceo 
with loalo eonoentratlone as* that the Hon&otlaa tread lo 
followed with owory electrolyte need ao tho toot eolatloa* 
The alope of tho llneo are negative with 1i1 and 2t1 
electrolytee, whereao theoo are pooltlvo with It 2, 1i3 
and 1i4 eloctrolytee. The change la potoatlal lo olgal-
fioant with enall ohaagoo produeed la tho concentration 
of tho toot eolation* fho potential Terauo concentration 
ourree for tha toot eolatione Had, L t d , MgClg* VlClg, 
0o&2 , HO,, XBrf and Kl Ho clooer to oaoh other vhereao 
for tho eleetrolytea of tho typo 1i2 f 1t3 and 1t4 tho 
ourraa 11a eeparated froa oao another and that tha enrwe 
for X-BO* being at oao extreme end* Zt lo worthwhile to 
aoatloa horo that tho potential* were eleo reoorded by 
taklaf different oonoantratloao of 1QUP0* at) *»• referenoo 
eolation* Zt wao found that tho boot data oould bo obtalaad 
with 10 R eolation ao ahowa la Pig. 3«7* I f tho concen-
tration of tho iaternal oolatloa wao higher thorn O.tK, 
tho alaotrodo roapoaao wao poor* whoroao with lower eon* 
oentratloaa tho reenlta wave aft rofrotnomo, fhoao 
lnw«etlgatloae rofor that tho electrodeswith 10"1« n«H>4 
ao latoraal oolatloa aay ho wtUleed far tho eaeatltetlwe 
too 
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Electrode With K3PO4 Solution At Different 
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And I0~3M KH2PO4 As Reference Solutions 
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1 ^ 
oatlaatloa of ft aaabor of olootroljtoo aad that tha aoa-
braao* ho*o alaoot BO property to dlotlajatloa olgnlfl* 
eaatlr botvooa eat Ions bat hara praforoatlal aolootlTltr 
for aultlraloat anions. Tho oolaotlYltr ooqaoaoo of tho 
aoabroao alaatrodoe for tho anion* vao ao follovo 
Tha ouooooo of aoabraao olootrodo l a aaalrtloal 
aoaaaroaoato wil l dopant to a groat aztant, upon tho 
•alaotlrlty of aloetrodo for a particular ion with roopoot 
to othor loao (21). Tho quaatloa of oolaotlTltr among 
aaloaa vao alao oxaalaod or oaaparlag tho potoatloaotrlo 
raapanaa of tho aoabraao alaotrodoo to 10 H *«P04 vith tho 
raoponaa of 10 a* oolatloao of tho potaooliai oalt of tho 
othor ooaaoa anioao. Tho roomlto of thooo iaraatlgatlona 
ara giran la Tabla 3,4, both la tarmo of apporoat oalaotl-
Tlty ratio and oaf dlfforoaaoo AB. Tho aal*otirity ratio hao 
booa doflnod horo a* tha ratio of aaloa to pheophato ioa 
aoaooatratloa raquirad to rlold tho aaao ooll oaf uadar 
idantloal ooadltloaoi and tho A I ralua a* tho dlfforoaoo 
la ooll oaf obtalaad vaoa a lO*1* aolatloa of tho potaoolaa 
oalt of tho aaloa vao oaaparad with a 10**11 oolatloa of 
KjP04. Tabla 5*4 refaro too ftolootlTltr of tho aoaftraa* 
alaotrodoo for tho aaloa* a* ooaparod to POT'. I t la oooa 
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that the ee lec t iv i ty cequance It)"5 > £0?2 >IfcCCE)g > 
ViCtt)^* dortred In th i s way* Is asms as found by tho 
plott ing method deecrlbed earlier* Ac the Yaluee of the 
apparent s e l ec t iv i ty aadAs to fable 9*4 for tho threw 
anion pairs 80 j 2 /P0j 5 , FsCCK^/POj5. fo^OOjfyrOj3 wore 
quito high* It say* therefore, bo oon eluded that tho 
preoenee of a l i t t l e amount of anion* l ike SO J 2 , ye(CH)^ 
or Fe(CH)J5 w i l l oauoo no eerioue error in tho enantitatlre 
eet iaat ioa of PO^ ** using potsntiemetrlo method* 
It io worthwhile to mention hero that the membrane 
electrodesunder investigatlott ohov dynamic response when 
they ooae in oontaot v l th e lectrolyte eolation. Tho shape 
of tho oaf versus t iae curves are qualitat ively oimiler 
( l*e* # tho potential *lowly increases duo to adsorption 
of lono from the eolation with time and beeoaee constant) 
to those obtained with an ion eeleotlve electrode and that 
tho equilibrium i s obtained in about two minutes time 
(25-29)• In th i s way tho eleotrodee are not well suited 
for tho direct monitorial of wory rapidly ehaaglni systems 
and would not yield rel iable analytloal results with 
oortain typos of automatlo t i trat ions* however, i f tho 
monitoring of slow prossssos or sstlmstloa of sleotrolytm 
soaooatrations sre involved those fiwe quite eatlefaotory 
ana re l iable resu l t s . 
All thee* imraatigatioaa refer that the electrodes 
dareloped Bay aa uaad far the quantitative eetlaatlon of 
a nabtr of electrolyte* with partlaalar roforonoo to taa 
deteralnatlon of POj5 Ion In taa aoaaetitratlon ran** 10~fM 
to to*5* erea la avaaaaaa of a aamaar of laorganl* ions 
ualaff potentlametrlo aethod vita reaaoaafcle aeoar&ey. la 
general I t la ooncluded that parahaeiit supported laorfaalo 
praalpltata aenavanaa pooaeee lav denalty of flxad negative 
eharce and that theaa eaa be utlUaed aa loa eeaeore. 
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